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Bacterial Aspects of Precooked Frozen Foods 


Introduction to literature dealing with the effects of woke on micro-. 
organisms. 


As a prelude to and in parallel with further experimental 
investigations concerning "THE EFFECTS OF FREEZING AND 

| STORAGE" on microorganisms in foodstuffs, a review of the 
literature is undertaken... This review will correlate in 
abstract and bibliography form, the great maze of material 
which has gradually accumulated in the literature through- 
out the years. At the time of this writing, the work is 
necessarily incomplete; however, further additions to the 
material here. presented will be appended to research 
reports until the literature on this subject has been 
adequately reviewed. | 
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INTRODUCTION « 


Although occesional revievs of the literature have eopeared 
concerning some phase of the vest subject “the effects of cold 
on micsroorgenisrs", we heve found none which ettempt tio cone 
prehensively cover the field. Puring the past cececde, the need 
for storage ond transportetion of foodstuffs of all tynes over 
great distanees and in sufficient quantity to serve large 
ponuletion masses has vastly increesed. ‘‘ith the freatly ine 
greased necd, production end research sources have boen herd 
pressed to keep pece; tese factors heve resulted in 6 rapidly 
expanding Literature which we feel is row lerge enourch and 
diverse enouvh to warrant correlation, 4t is honed thet this ree 
view will prevent needless cunlication of effort anc will servo 
as 2 ready source of meterisl not only for astablished workers 
in this field of endeavor but also for new workers entering 
the field. 


As this review is to teke an ebstrect and bibliosraphy forn, it 
is essential that vo ettonnt to classify poapers in sueh manner, 
that they be presertcd in logicel sequence; conscoucntly, we 

have Civided the pancrs here revicwed into six broed divisions. 
Within ecch Civision, papers are listed in sequence by ouhlicstion 
dete so thet the older research is vresentcd first end the never 
reseerch is presented last. 


We heave experienced considereble difficulty in »lacement of some 
papers within their prover division as there is ofter vast overe 
lanoing of material presented; however, we have cone our best to 
give this review some semblance of order. In sone instanees, 
however, papers have beon erbitrarily essicned one cetegory when 
et ames as wens nue heen pleoed in WORE. 

An ‘Flecdvation Suicisie of the me theds of spi neirbineg our ahatraetes 
is ag follows; 


1. Prudden, T. Me - 
| 1887. On Ractcria in Ice and Their ‘eletions to 
Disease with Spocial Reference to the Ice Supply 
of i'ew York, City. ‘ede xccord, 31:34;=350. 
(Laboratory of the Alumni - issocintion of the College 
of Physiciens end Surgeons, Now York,). 
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» DIVISTON I is © goxorsl soption which donls with the 
effects pf @nid en migroorgenismse. In this soction are mony 
ef tho corlicr pepers ond o signifieant mumber wf prpers denle 
ing with the moehrnism of dostrustion of mizroorgenisma by 
@elf por se, We havo attempted to plese many of the more 
spoticlized researsh prpors in this greup. 


DIVISION TI is a aoe section which derls with the 
resistentea of Mycobcotcrimm #7 mborculosis to Sold. This scotion 
is imoluded fer purposes of + moloteness; in cdditica some | 
significant roscarshos ure found within the proupe 


DIVISION III is a lorge section whith Bonk with the coffects 

of ecld on vorious miscrovurgnmisns, plents, tissues, ond subs 

stenees other then bretcrin. Much besis roscerth is inoludod 
in this scetion. | 


DIVISION IV is . toshnienl section which deris with some of 
the brocder en? more gonernl effects of cold on living highor 
enimals, ospeciaily mane Tho purpese of this section is not 
to roviow the pathology of frozen limbs or refrigeration 
nnesthesin, but rethor to presont sertrin bnsic phenomena 
whieh ere of velue inc therough understanding of the oe 
of cold on 1lifo protessosa 


DIVISION V is on importont section which denis with the pudlice 
health saspoets of the foed industrics, cspeeiaily os they apply 
to the frozen food jndustry. This division is further sub« 
divided into four scestionss= {1) General reviow, (2) Staphe 
ylocoosic cntertoxin studies, (3) intestine] disccsey,. studics, 
and {4} Botulinum studicse 


DIVISION VI is en important scotion which detis with the 
microbiology of frozen foods without spesinl emphnsis on publics 
health «spects, but rerher with cmphnsis piseed on some of the 
probloms freing the frozen food industry. This civision is 
further divided irtio scuctlcns nceording to the type of foodstuff 
examined: c.sg+, fruits ‘nd vegetrbles, morts, poui -. etes 


A bibliograsohy. which Lists «11 pepers presented, in 
aiphebeticnl sesusuice (ty suthoy) concludes this vcport, 
Miore is no sieim to sriginility in this werk: ie would 
be oxpected in mary inastorece, wobics,- doia, and summerios 
howe beon incorperated into the revicw, 
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DIVISION I 


GENERAL EFFECTS OF COLD ON MICROORGANISMS « 

Prudden, Ts Me 
1887. On Bacteria in Ice, and Their Relations to 
Disease, With Special Reference to the Ice Supply of 
New York Citys Med.s Record, 314341-350, (Laboratory 
of the Alumni Association of the College of Physicians 
and Surgeons, New Yorke) 


This paper gives in considerable detail numerous experiments 
undertaken to demonstrate the effects of freezing and thawe 
ing on bacteria, Especial emphasis is placed upon its 
prectical applications in considering the ice supply of a 
great city, 


The offoct of freczing on separate specios of bactcoria in 
distilled water et tomperatures between 14 and 30°F was 
studiode The results sre cs follows; 


TIME Noe of Bacteria in 
1 ce of wetecr. 


Beoillus Prodigiosus 


Before froering 6,308 
Frozen 4 days 2,970 
Frozcn 37 days 22 
Frogzon 51 days ”] 
Protegs vulgaris (Hauser) 
' Before freeging 8,320 
Frozon 18 doys 88 © 
Frozon 51 days 6 
Frozen 65 days * 


Slender fluid‘ fying Bacillus from Crotioa Vator: 
Bofors freezing 609.0% 
Frozen 7 days ey 
Prozen 18 days 
Frocon $8 days 2 
Fruven 47 deys C 


Staphyiococe.s py jenes aureris ) 
“"'Borérd Freeging | Tanun:. cable 
Frozon 18 days 224.598 
Frozen 20 days 46 .486 
Frozen 54 days 54,520 
Frogon 66 doys 49,280 
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Es Fluorescent Bacillus from Hudson River Ice 


Before froexzing Innumerable 
Frozen 4 deys 571, 569 
Frozen 11 days 520,520 
Frozen 51 days 183,048 
Frozen 68 days 10, 978 
Frozen 77 days 85,008 
F» Bocillus of Typhoid Fever 

Before freczing Imnume rable 
Frozen 11 days 1,019,403 
Frozon 27 days 336,457 
Frozen 42 drys 89,797 
Frozen 69 drys 24,276 
Frozen 77 deys 72,930 
Frozen 103 days 7,548 


‘ 


Prudden shows remerkoble grasp of his subject as evidenced 

by the following statomontg “The fect that a very considernble 
reduction in the number of virble individucls occurs “+t the 
first freezing, while a more gredual destruction goes on as 

the low tompercture is mainteined, is doubtless due to the 
killing off at once of the more foeble bacteriaes Still it would 
be interesting to know whcther the merked rete of dostruction 
is duc to this fector alone, or whcther the sudden chrenge of 
tompernture mry not have » greater effect then . simplo pro- 
longation of the unfavoreble condition when onco tho organisms 
hove nccustomed themselves to its” Comparative oxpcrimental 
data is given to domonstrntc the cffcct of froozing and thawing, 


Frozon solid and Remaining Soe Frozen Solid, but Repentodly 
Thewed and Immediately Refrozens 


_-_e0UC*~*~”°:~C*‘“‘z Ns of Becetoria imcs Nose of Brctoria 
in 1 ce of water. Refrozen in 1 cc of waters 

A. Typhoid Bscilli (Fresh active culturc) 
Before freezing 40,896 ee 40,896 
Frozen 24 hours 29,789 3 90 
Frogon 3 doys 1,800 5 0) 
Frogon 4 days 950 6 0 
Frogon 5 days 2,499 6 0 

Be Staphylococcus pyogenes surcus (Fresh activo culture) 
Before freeging 111,788 -_-- 111,782 
Frogen 15 minutes 52,50® --- “se 
Frozen 2 hours 21,300 --- me 
Frozen 24 hours. 2,690 a | 13,495 
Frozen 48 hours 6,458 3 110 
Frozen 96 hours 6,155 4 ca 
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Cy , Baoil} rodigiosus (Frosh active culture) . 
Boforo Froowlie : 359, 516 “4 339,516 


Fragen 24 houra 36,4) 1 2,570 
Frozen 30 hours 41,580 2 275 
Frozen 48 hours |, 14,440 3 15 
Frozen 96 hours | 4,850 & 6 


Experimenta on the effect of low temperatures an bacteria 
suspended in water when the water does not crystallize wero 
carried out by the author. “A very considerable destruction 
of bacteria af various species takes place if the water be 
placed in a very cold place, but kept just above the freesing 
point, Thus, in « censidernble number of experiments, © much 
larger number of individuals wes destroyed in tubes in which 
the water did not freese, clthough kept several degrees below 
the freezing point, than in those in which the water became 
solids” Tho author attained the supercooled state by coating 
test tubes with sterile sweeteoi] cnd mcintainine them very 
quietly in « refrigcorctor at 15 to 28°F. (Notes: Tho greater 
kill noted by Pradden in tho supercooled statc then in tho 
frozen state is at variance with the work of lator experimentorse) 


Tho impliontions of the forcgoing experimental date are 
abvious; tho nuthor summerises his dante in surprisingly modern 
feshions. This proved 2 most interesting and educational roviow, 


Prudden, T. M, 
1887, On Bactoria in Ice, and Their Reletions to Diseeso, 
with Spocinl Refcrence to the Ice Supply of New York City. 
Mod. Record, 512569578 4 


In this portion of his study of bretorin in icc, the euthor 
enelyscs semplcs of ice coming from rivors, lakos and ponds 
which supply the City of Now York, The cuthor notcs the ine 
croesed number of bactergza found in snow ice and babbly ice as 
compared with clonr ico and also the inorercscd number of bacteria 
in contamincted river ico as compzred with pond and Inake Ice. 
Prudden then gocs on to disouss the morits and demerits of the 
ice supply of New York City, 


White a A.C * 
1899. Liquid Air, Its Application in Medicine ond Surgery, 
Med, Record, 563109-112, 


With the sssistenco of Dr. Parks, the author tosted the offects 
of liquid air (312°F bolow zcro) on typhoid, anthrax, and 
diphtherie bacilli. The organisms were placed in sealed capile 
lary tukes and then dropped into liquid cir, Tho contents of: 
the tubes wero tested after 30, 45, 6@, ond 90 minutes and in 
each gase good growth was obtoineda 
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MacFadyen, Ae ; 
1900 On the Influence of the Temperature of Liquid Air 
on Bacteria. Lancet, 13849. 


Ten organisms (Be trctloene, 2 Be coli communis, Bs diphtheriae, 
Spirillwm cholerae Asiaticae, Be js proteus vulgaris, B B, acidi 
lacti, Be anthracis, S- pyo enes aureus, Be phos phorescense 

and Faotobaoterium Sofecetar) were exposed — to the temperature of 
liquid air for 20 hours (-182 to +190°C) following which they 
were thawed and examinede In no instance, whether on solid or 
liquid medium, could any impairment of the vitality of the 
microorganisms be detected. 


Keith, SeCe dre 
1913. Factors Influencing the Survival of Bacteria “a 
Temperatures in the Vicinity of the Freezing Point of 
Water. Saience, 37;877-879. 


This paper gives « general introduction to the prollem of the 
effocts of cold on bactorias Keith's experiments coneern a 
single speeics of Be coli. Twenty-four hour growth of organ= 
isms was suspended in wetor, normal saline, various dilutions 

of fot free milk, glyecrine, cane sugar, and gommercial glucose. 


The experimentel results may be summarized as followse 


(1) When Be coli are frozen in Boston tep water (in tost 


tubes) es solid ice, and hold at -20°C, only o fraction of 
1% of the original number remein olive at tho ond of § doys.s 
Storage of a few weeks results in complete destruction of the 


bectoric. (2) Whon B. coli are frozon in Boston tap wetor 
not solidly, but cs ©  wetor ice or sherbct, and held in this 
condition st -20°C, lerge porcontage romain nlive for many , 


months. (3) Whon Be coli are frozon in milk, pure and diluted 
to various degrees with water, the denth rate of Bs coli ineresnses 
with the dilution, the largest numbers surviving in tho undilute 
od milk end the fewest in that containing the most wator. 

(4) Whon suspended in aqueous mixtures containing from 5-40% 

of chomiorlly pure glyoerin and held at -20°C, a very large 
percentage of B. coli romein alive for at lecst 6 months. 

(5) At 37°C, B. coli in water or in 5-20% glycorin dic rppidly, 
fow if any remaining alive at the ond of 72 hourse The doath 
rete diminishes 4s the holding tcomperseture is lowered, though 

it is still marked cven just above OC; but at a tempercture 
Slightly lower, . sudden change appecrs, the death rete at 

end below that poiny being but little, if eny, grentcr than 

nt «20°C. (6) By covering o 24 hour growth on egor with 
sterilc 10% cane suz’- solution and holding at -10°°, stock 
culturcos of Bo subtiiis, B, aurococcus, B, mogater itm, B Be 
fluorescens. “B. proteus, ‘and Sercina euranticcus have been 


kept in « vigorous condition without transfer for 8 months» 


Vel Al 
ee ! V i” Continueds 


Be 


Te 


8» 


‘the death of bactoria in substances which crystallize morc loosolys 


From the foregoing data Keith eonoludes: “Low temporntures alone 


do not destroy bacterine On the contrary, thoy appoar to. favor 
bacterial longévity doubtless by diminishing destructive sent Sctepeamanal 


Frozon fooé metericls « such as ico ordcem, milk and egg: ‘substanco,. 
fevor the oxistence of Beetcric nt low tomperrtures, ‘not. boetuse ke 
thoy are foods, “but appavtntly beonuse they furnish physictl ° “Sere 
ditions somchow protective of the bactcrins™ Keith boliovas this _ 
data londs support to the moehonics1 destruction thoory of beetorin 
at low tomperatures for in substcnces = such as puro water «= which 
érystallizo solidly, becterinl doath is inerersed as compared with 


> 


Hilliera, Ce Me, Torossian, Ce, and Stone, Re = nea 
1915. Notes on the Factors Involved in the Germicidwl Effect 
of Freezing and Low Temperatures. Science, 422770=771 6" 
_ (Simmons College) 


This paper gives a brief review of some of the earlier work con=— 
cerning the effect of cold on microorganisms and then proceeds to 
a discussion of some of the variables which must be considered in 
experimentation on such a subjecte - 


Preliminary experimental rosults are reported’. a. )’ When B.-ooli 
and Bs subtilis are frozen in tap water for 3 hours, some 99% of 
‘Be coli are Killed and some 80% of Bi- subtilis are killede 


“Tes In “Intermittant freezing has but ‘slightly er greater gormicidal 


value than has sustained freezing for the same period of 3 hourse’ 
_(3.) Tubes containing the bacteria were frozon and held for’ 3 hours 
for comparison at aporoximately -15°C end 2°C.. The cold temperature 
wes considerably moro frtol.-(4.) Using cream contnining 30% 
butterfat, the euthors’ found very striking protection afforded the 
bacteria when frozen, whether the froezing wes continuous or intor-" 


_mittent. -Freezing and thawing was considerably more fatal thon — 


continuous froezings - 


Albort, Re \Hinman, J. ‘Divs and Jordan, De Ge - ae 
1916. “Baoteriel Changs in Uniced Specimens of Wadets . 
de Bocte,. Ly1t9." ais 


This peper decals with the reliance which mey be placed on bactor= © 
iological anclyscs of water after 8,. 24,. 48, and 72 hours in the 
uniced state. 


Sedgwick, WeT»-,. Homilton,. He. We. end Funk, Fe Je . 
1917.’ Experimentcl studies on the Effect of Various Solutions 
upon tho Viability of Bacteria +t Low Temperatures. “Abst. “~ 
Baote 13496 


In considering tho viability of broteria at low temporatures, the 
important factors to bo‘studied sre as follows: °(1) the nature of | 
the solution or medium, (2) the species of the orgenism, and (3) 
the tempereturo. This’ holds:true at higher temperoturcs but the 
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effect is often quite reversed in solidified tubes, the organisms 
surviving longer in solutions which are quite toxic st the usual 
temperatures. The mochanical protection given bacteria from 
.shoering ice crystals by solutes is important. 


Hilliard, Ce Me, and Davis, M. A» 
1918. The Germicidal Action of Freezing Temperatures Upon 
Bactcria. J. Bact., 3:423-431. (Simmons College, Boston 
Masse) 


This papcr conteins an cxcellent revicw of the ecarlicr litcraturoe 
Temperature is ono of the cardinal factors influcneing micro» 
orgonismse The majority of bactcric arc unable to cxercise 

normal metebolism at temperaturcs below 6°C or above 45°C, The 
destructivo influcnco of high tenporatures ond other physical 

end chomicel egonts procecds in an orderly and predictable mannere 
Cold as a« disinfcectrnt sccms to be an exception to this rulc; 

as moetcbolism is arrested to its lowcst cbb by tomperetures 

lower then the minimum, survivel is theoretically, at its 

maxinume If tho temperature is depresscd to the freezing steto, 
new fectors come into plsy and it is with theso thst this paper — 
donlse . 


The euthors drew the following conclusions (noting, however, 

thet their work is not oxtonsive onough to render a final 
stetoment.) (1) Intermittent freczing of bacteria exerts a 

more effective gormicidel ection than continuous froezing. 

(2) The reduction is much loss in milk end ereem then in pure 
tap water when freczing temporstures sre applied, duc, no doubdt, 
to ovhysical protection offercd to the bacterin by the colloidal 
and solid matter in suspensione (3) The degrce cf cold bolow 
freezing is not 2. very importsent factor in the ddstruction of 
bectcria. Thoro is no criticrl tompernture below freezing whore 
the gormicidal offcot is groatly mocclereted. (4) The death 
rate of Be coli is much higher in medion whioh are frozen solid 
than it is in tho same nodium not solid. and ct © blightly lowor 
tempercturce (5) Crystallization, probsbly resulting in mochan- 
ical crushing, is an importent germicidal factor in causing the 
doath of bactcria at zero deogroes Contigrsde and below. The 
grenatost reduction occurs promptly upon freozing and rofreczing, 
but is not causcd so much by the sudden change in tomperature as 
by this mechenicnl factor. 
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10. Prucha, M. J. and Brannon, J. M. : . 
‘1926. Viability of Bacterium Typhosum in ice creams 
J, Bacts, lla 27-29. (Division of Dairy Bacteriology, . 
Department of Dairy Husbandry, University of Illinois»). 


One gallon of ice cream mix + - containing 12% sugar, 12% 
solids other than fat, and 10% fat + - was prepared, sterilized, 
and inoculated with Bacterium typhosum, and then incubated 
until the bacterial count was about 25,000,000 per cc. The 
mixture was then frozen and stored in a room at a temperature 
ranging between 8° above to 8° below zero Fe Samples were 
analyzed from time to time. 


Samples taken Typhoid bacteria per cubic 
7 centimeter of Ite Cream 
Before freezing 25,009,000 
Freshly frozen 57,000,000 
5 days old 19,590,900 
12 devs old 700,000 
20 days old 2 ,200,/00 
70 days old F60,009 
104 days old 990, 000 
134 days old 210,909 
165 deys old 640 ,900 
70 dves old ? 711,000 
200 devs old 60,000 
260 devs old 67 O90 
2°90 deys old 55,990 
3°2 devs old 52,000 
430 devs old Fe 50,000 
544 devs old 13,050 
648 devs ol¢ 11,000 
2 veers | Rg, , 6,290 i 
2 yeers, 4 months living tiynhoié organiems »resente 


3s Ford; We We sar phe ae be , 
- 3927, Texthool of Racteriolorv, pere 154-4 
This text mcrely states: “cold of itself has little beete 
ericidal action. actcria resist freezing.end theving end ere | 
usually not destroyed by the témpert ture of liquid air, #190°C". 
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l2e Rivers, Te My 

1927, Effoet of Repontcd Froeging (~185°C) and Thowing on 
Colon’ Bacilli, Virus III, Vaecine Virus, Herpes Virus, — 
Bacteriophages Complement, and Trypsine J» Expere Med. 
45elle21,. (Hospital of the Rockefellnr Institute for 
Medienl Research). 


The author reviews somo of the portincnt literature, porticularly 
os regards virus and tissuc studics te extremely low tompcraturess 
The exporimontsl tomporaturo of +185°C. was sttainod by the use 

of liquid sir. Tebles which summarize the cxperimental results 
obtained follows : 


* TABLE I 
Summery of Experiment Showing the Effect of Dilution and 
Dilucnt on the Pereentage of Colon Boeiltli Killed by Freesing 
and Thawing Four successive times. 
Diluent Dilution No. bacteria/ec Noe bactoria/ce 
beforo freezing ofter 4 froanings 


“Locko’s solution ~~ ~ alg” ~ “18,400,008 ~ ~ ~ ~ BY 7000 2. Slee ae bs 
Locke*s solution 1-1000 . 380,000 20 
Broth | 1~10 44,000,000 13,200,006 
Broth 11000 600,000 188,000 


In another expcriment colon becilli, weshcd from en ‘gar slant 

and suspanded in broth, wore frozon snd thewed le consecutive times. 
Thero were 180,000,000 visblo orgenisms/oc. initially; ofteor freezing 
and thewing oftly 40,000 orgenisms/ec. romfiined vinbloe — 


TABLE ITI 
Summary of Results Obtained by Repeatcd Froazing and _ She of 
Virus III, * 
No. of froecsings 1-10 1-100 1-1000 
and thawings aa a A eT he Ni eer 
Control (unfro zon) ++ +x + 
++ : + s 
12 - ~ ~ 
22 ~ ™ - 


* pluses indioate the presence of a virus reaction ct the sites of 
inoculation; minuses indiente the sbsence of 2 reaction. Dilutions 
are in torms of « stock tosticular cmulsion containing the viruse 


TABLE. III 


Summary of the Results Obtained by Repeated haishaset and Thawing of 


_— — 


Vaccine Virus * 


Noi of freezings 1#1000 110000. 1-100000 


nr er 
Control (unfrozen) rs re i* 
24 1 t+ + .. 
34 +4 + - 
* S$ee Table IIs . 


13. 


The author states: "The activity of herpes virus in a fresh 
stock emulsion was not appreciably decreased by 12 successive 
freegings and thewings." The euthor enlarges this statement, 
however, and goes on to state that the virus is ssesabih doe ties to 
such trontment under certain conditions. — " 


Tho titor of complement in undiluted scrum end in serum diluted 

1-10 is apparently not eppreciebly decrensod by 12 successive 
frecgings ond thowings; however, complement in highly Miiwted 
serum is inactiveted by rcpesated Sroseing and ingens 


‘Following experimonts with trypsin, tho suthor scsniabaition that 


_trypsin is innetivated by repented freezing and thawing, and 


under the conditions studied, a greatcr porcentnge is ineetivated 
in « dilute rether then in a concontreated Sole yinte 


Tanner, Fe We and Wollece, Ge I. 
1931. Effect of Freezing on “icroorganisms in Various 
Menstro. Proc. Soc. Exper. Biol. & Med., 29332=34. 
(Dept. of Bact., University of Illinois, Urbeno). 


After studying tho behevior of microorganisms in a large number 
of commercially packed frozen fruits and vegetables, the 
authors conclude that although the numbers of viable organisms 
showed considerable reduction, there was no sterility even 
after storage at +16°C. for two years. . Eighteen pure cultures 


maintained in various media for a period of 19 months showed 


the same results (of the strains studied, H, coli and the molds 
showed greatest reduction; B. subtilis showed greatest resistaned 


Increasing the acidity of the camila seemed to increase 
destruction. 


A high concentretion of sodium ehloride (6%) soemed to incroase 


dostructidone 


Nor spore forming boeteria, especially when frozon in acid 
medium, wore completely destroyed in from 5-10 months. 
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Continued. 


Alternate freezing and thawing was more destructive than 
continuous FrOR ETRE 


Pure cultures of midroorganisms were held in distilled water, 
and cherry juice at tempernturos of -16 °C 44-400 Ce, and «79°C. 
In distilled water there was no noticeable difference in tho 
death rates at the different temperaturese Esoherichia coli 
in cherry juice showed slightly greater longevity at the 
coldest temperature e. 


Experiments with Clostridium botulinum in several vegetables 

and fruits showed that spores of the organism survived freezing 

at ~16°C. for 14 months. The toxin showed no decrease in 

toxicity when stored at -79°C. for 2 months or at ~16°C. for 

14 monthse. Vegetables to which detoxified spores were addod 

prior to freozing et -14°C. for 14 months, became toxic in 

from 3-6 days when allowed to thaw ond stand at room tomperaturce:: 
With frozen fruits, despite a pH which ordinerily provents 

toxin production, toxin was formed in a few instances ---- 
possibly due to the concomitant development of moldse: | 


Colon-typhoid type organisms died out in cherry juice when 

held at -14°C. for 2 weeks; however, when hold et -16°C in tho 
prosonce of both cherrics and guice, the organisms were identie- 
fiable at the end of 5-months.. 


. Hampil, Bettylee 

1932.. The Influence of Tempernture on the Life Processeos 
and Death of Bacterin. Quart. Rov. Biol., 7:172-196~-- 
(Depte of Bact., School of Hygione ond Public 4enlth, Johns 
Hopkins University, Beltimorc, Merylond.) 


This prper presents 9 rather cxheustive review of the effeots 
of tompernture on the life and decth of bacterine- A long 
section of this article deals with normel growth end death of 
bacteria and the effects of high tompersturc on bactorine- 

Some of the genernlizetions on the offects of low temperature 
on bactcris are worthy of considerction --=:-(1) Spores, because 
of their low water content, remain celmost unaffected by low or 
freezing temperaturcs. Vegotative forms of different spécies, . 
however, are known to very in their renctions to an unfavoreble 
environment. . Some becterial cultures dic off rapidly when 
placed et temperctures 5-10 dcgrcocs below their optimum for - 
growth; other organisms arc known to multiply regularly though 
slowly.. (2) The preservation of bacterinl cultures by storing 
at low temperntures has been preeticod since the beginning of 
bacteriology, ond it hes been assumed thet such preserve.tion is 
duc to cessntion of motabolism on tho pert of tho organisms. - 
(3) It is also recognizcd that freozing doos not dostroy 
bactorin,g cspeeinlly when the change is brought about rapidlye - 
On tho other hand clternate freezing ond thawing disrupts tho 
relation of the water and the protein molecules to such an ex-- 
tent that death is more apt to occur than when freezing tomperatures 
are maintained over a long period of times 


As a | WZ: . - Continueds - 


The author presents a compendium entitled "The Viability of 

Certain Mesophiles at Low Temperature” in which she lists the 

findings of various workers concerning 13 species of bacteria. 

This compendium is a quick sourse for gonsiderable data of ~ 
general and historical interests. 


15a Rake, Ge 
1935. Viability and Virulence of Frozen and Dried Culture 
of Meningocoscuse Proc. Soc. Exper’. Biole & Mode, 32¢ 
9758977 « (Laboratorics of the Rockefellar Institute for 
Medical Rescareh, Now York, Now York.). 


This author presents’ a mothod of freezing and drying of 
meningococci by which virulence and viability are retained. 


16. Tannor, Fe cnd Sehneider, D. 
1935- Effect of Tempercturo on the Storage of Bactcria 
in Weter Sampiciss Proce Soe. Exper. Biole & Mode, 32; 
960-9656 (Dept. of Bect., University of Illinois, Urbana). 


Date collected in this investigation indicstes in practically 
alk eases thet water sampics should be kept cokd betwoen cole 
lection and analysis. This would indiesto tho icing of srcmples 
as provided in Standard Mcthods for the Extmination of Weter 
and Sewage is desircblee 


I7s McCulloch, Ee Ce ; 
1936. Disinfection and Sterilization, Lea and Febiger, 
Philedelphin, Peges 11912664 


This author states that “with fow oxceptions cold allows tho 
passage of time without the changes which would ordinarily _ 
take place end bacterin live longer. Cold protects bactoria 
from naturnl ns woll os chomierl agents.* In the body of the 
paper the suthor develops his statcd thesis by onurcreting cx- 
perimental works on p..thogenie bactorio, filtersble viruses, 
ond the like which sre «ble to withstand prolonged periods of 
froocg@ing snd storngee Ho mentions the wlI known fect that 
certoin arganisms - - as Moningococcig Gonocosci, and possibly 
Lactobacillus acidophilus « - cre extronoly scnsitive to colde 


Some of the technicrl problems of refrigeration are reviewed in 
this papere 


18. Dabas,. Re de 
1937 lieehanism of tho Lyses¢of Pnoumocotci by Freezing ond 
Thawing, Bilc, and Other Agcnts. Js Expore Mod. 66;101-112. 
(Hospital of the Rockefcllar Institute for Medical Researefr)s 


Bile hes the property of killing rapidly, end lysing complotely, 
the cells of most strains of pnoumococci+ This brenking up of 
pneumecocei can also be achioved by repentod freezing and thawing 
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of the cells. The stress due to the formation of intracellular 

ice crystals has been regarded ag causing the disruption of 

however, it is a matter of great importance whether 
ues used for breaking up pneumococci involve only 

wi colloidal state (peptizing action of bile salts 

and fatty acids, mechanical disruption by ice crystals), or 

whether they bring about more profound changes of the components 

of the sel iuier structure. 


Varivas experiments presented by the author show thet to be 
soluble in bile, or liable to disruption by freezing and thawing, 
tho pneumococci, living or dead,’must still possess their 
autolytic enzymes in a potentially active forme An interesting?s 
ond significant discussion develops this thesis mnd points out 
many problems as yet to bo solvede 
Haines, R. Be aa : 
1937-38. Tho Effect of Froozing on Beetcria. Yroce Roy 
Soc. (Lond.)., Be 124:451~463. §Low Temporntue Resonrch. 
Stntion, Cambridge.). | 


This paper, in our opinion, is espocirlly pertinant with ro- 
gerd to the mochaonisms occurring during freezing and thewing; 
hence, the comments of the cuthor cre reproduced in some 
detail. Tho suthor expcrimentod with Escherichin coli, 
Staphylococcus cureus, Psoudomonns acruginoss, Achromobs.cter, 
Scecheromyccs corovissinc, Bacillus mosentcricus, Bacillus — 
ccreus, and Breillus mogr thorium frozon at varinblo tomperetures 
in tube end vover slip preprretions. His comment is reproduced 
ot some length ss follows: 
"Two aspects of the offect of froozing on beeteria can 
be observed. First, when becterial suspensions are frozen 
rapidly st -70°C, and thawed « certain proportion of the 
colls is killod, verying from ebout 80% with tho most 
susceptible organism, Be ocysneus, to little or none 
with spores. Tho mortclity is constant undor these con- 
ditions with young cells, but veries somewhct with the 
manner of froezing. Tho. rato or temperature of froezing 
appears to havo little effoct. Secondly, when the quickly 
frozen susponsions ‘aro stored st such tomperntures as 
-1, -2, -5, -10 and -20°C.,: tho rnto of denth agnin varios 
with tho organism, being most rnpid with Bepyocyancus. 
mnd little or nono with sporcs. With some orgonisms, 
notably Be pyocynnous and Bs coli rapid denth occurs 
necr the highcst tcompersture of stornge snd comparntively 
slow death at -20°C. When there is any diffcrenee in the 
rato of denth between the upper and lower tempernturos, 
it is always in this order. 


ri 
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In attompting to explain these observations, frozon and 
unfrozen colls wore cxaminod by dark ground illumination 
and in staincd preparntionse lt is often stated that 
mochanicel destruction of becterin when frozen in bulk 


/ eon be obtained with repented freezing and thowing 


(cege Young, 1929) but no cvidenco for its occurrence, 
either in the singlo freezing or eftor storage in the 
frozen state, could be found undcr the conditions of the 
present cxpcriments.e Demage to the cellulsr membrane, 
leeding to sufficiontly incroxsed permonbility for the 
liberation of enzymes, might, howevor, well cscnape ob» 
servatione Turning to tho effects of freezing on the 
proteins of the bectorial cell, it was found that rapid 
flocculntion of one protein fraction of an extract of Be 
ocyaneus, prepared ot low temperetures to obtain the 

native” proteins, occurred at -2°C. Such flocevlation 
took place slowly, if at all, ct -20°C. It secms likely, 
therefore, that the dexth of becteric in the frozen state 
is due to some change, or complex of chonges, in one 
moiety of the cellulsr proteins leading to denaturation 
and subsequent flocculation, owing to the particular salt 
concontration and pH obtainede This observation probably 
furnishes the explanation of the succoss of methods of 
rapid freezing, with desicaction, for the storngo of 
bacterin and sera, since the cellulsr protcin most 
sensitive to chenges in environment can be citeinod in an 
undenatured condition by oxtraction nt low tomperrturos,: 
and keeps indefinitely when dry 


No flocculation eculd be demonstrated on c single freozing 
and thawing, end yot with somo crganisms © big mortrlity 
occurs during this process. A similsr phenomenon hos, 
howevor, becn found in musclo (op.cit.) and the explana- 
tion put forward by Hardy (1928) of tho occurrence of a 
time=sleg, may held hero. The picturo suggested is that 
‘some chsnge is brought. about in tho crgenizaticn of the 
cellular proteins, cither deneturation itsclf or some 
change leading to denaturetion, by the unfevornrble environ- 
mont set up ct temperctures just bolow zcro. Tho preteins, 
or ono fraction, are then subsequently flocculsted, and 
this floeculotion con bo mecsured. If the critical zone 

of temperature is psssed through ropidly, less damage is 
done to the coll. If this vicw is ccrrect, it suggests 
that the resistence of spcres is duo to the fact that their 
colls do not contain the particular protein most sensitive 
to changes in onvirenmente This’ point is uncor investiga- 
tion in a moro extonded study of the proteins of bacterin." 
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MeFearlanc, Vr He 
1938. Behavior cf Micrcorgenisms et Subfreczing Tomporr» 
turess A Thesis Submitted for the Degree of Docter of 
Philosophy, University of Washington). 


This thesis seems espe¢ially well done and should probably 

be thoroughly studied by research workers in this field of 
endeavor; however, we will try to summarize and point out some 
of the highlights of the papers The methods and goal of the 
study are found in the introductory remarks and may be sum~ 
marized as followss (1) Food spoilage may be brought about 

by enzymatic, chemical, and or microbial changes. Physical 
changes may also oecur in frozen foods which influence their 
palatability. (2} The danger of persistence of microbial 

life (food spoilage or pathogen) is obviouse (3) "The con» 
ception held in the present work is that within the frozen 

mess (wetcr, syrup, brine, juico, syrup-packed fruit, brine 
packed vegetable) conditions aro far from homogencouss Such 
fectors es manner and rete of crystallization, density and 
viscosity of tho medium, grovity, mochnnicol obstructions, ctcos, 
all tend to influcncoe redistribution of suspended and dissolved ~ 
substanecs in © fluid medium during the freezing proecsse The 
assumption scoms warranted that if the conditions sre not uni-~ 
form throughout the frozen mass, there mcey be within the mess 
cortnin arces cspocially favorable for microbial survival or 
microbial destructione Those conditions would rirse most freely 
when fluid media aro frozen solidly in undisturbed containors, 
and wovld prevail undor sueh conditions ss are common in 

frozon pack practice.” (4) Tho puro cultures used were a 
Saccharomyces species isolstcd from cider and Escherichia colie 
Some n tural organisms were used in studies of cider, rasp 
berries, ond pecse (5) Tomperstures of «20°C, end +10°C. were 
used in the studios. 


Results obtained in the severnl experiments conducted indicates 
(1) Soluble cnd suspended substences tond to be concontratcd 

in the elongsted core arces of the frozen mass and in tho upper 
horizontal layor so thet unbuffered solution origincelly 

pH3.22, showed in tho frozen mass a range of pH from 2-49 in 
the core to 6.11 in tho poriphorys In a 10% sucrose solution, 
pH 3,22, the freezing concentration of hydrogen ions showed a 
pH renge from 257 to 4.09. In apple cider snd frozen pack 
fruits and vegetables the freezing rodistribution of hydrogon 
ions is less marked rerely verying moro than O«2 in pHe 

(3) In studies with yorst calls, thero was © tendency for 
viability to dcwrease progressively with passage of times tha 
rate of decronse veried with the nature of the suspending 
medium and the tomperature, Gronter retention of yeast cell 
vinbility occurred at +20°C. than nt «10°C. when other condi- 
tions were identicel. (4) Dewrease of viable microbial forms 
in cider frozen and stored at #20°C, end «10°C was progrussive.e 


“vabianeds 


Greatest preservation ocayrred in cider at the higher 
temperature....(5) Deerease of viable microorganisms was 

progressive in brine-packed peas i syrup-packed rasp~ 
berries when stored at -20°C and -10°C. Greatest des- 
“truation occurred at the higher temperatures (6) In- 
creasing the concentration of sucrose in the storage 
medium in general protected the organisms studied from 
effects of freezing and storage. 


21. McFarlane, V. H. 
1941, Behavior of Microorganisms at Subfreezing 
Temperatures. III. Influence of Sucrose and Hydrogen-Ion 
Concentrations. Food Research, 64481-492. (Agriculture 
Chemical Research Division, Bureau of Agriculture Chemistry 
and Engineering, U. S. Dept. of Agriculture, Washington,D.C.) 


Sucrose syrup is used in the frozen food industry in the 
preparation of fruits for dessert purposes. Aside from the 
sweetening property this syrup has deoided value in preserve 
ing the color, texture, appeararice, and general palatability 
of the product. Unfortunately large numbers of molds, yeasts 
and bacteria, especially spore-forming species of this latter 
‘group, are capable of surviving long periods of exposure to 
low temperature in frozen, syrupspacked fruits. Experimental, 
data is presented on the viebility of a Saccharomyces species 
and Escherichia coli suspended in water and in sucrose 
solutions at -10°C and -20°C.. 


Higher concentrations of sucrose, 30 and 50 perce:.4, tended 
to retard destruction of the two microorganisms. When the 
hydrogen-ion concentration was the only variable, a reaction 
of pH 6.5 was found to.be more favorable than a reaction of 
pH 5.0 for hastening the destruction of yeast cells in some 
of the sucrose media; but in the case of Es coli the exper~ 
imental evidence indicated greater destruction occurred in 
those samples which possessed the greater hydrogen-ion con- 
centration. Of the conditions investigated the most des- 
tructive for both microorganisms was pH 3.6 to 3.7. When 
temperature was the only variable, greater kills, after 
several weeks‘ storage, tended to oceor at -10°C. than 

at -20°C. 


22. Stillman, E. G. 
1941. Preservation of Pneumococcus by Freezing and 
Drying. d. Bact., 42:689-693. (Hospital of the 
Rockefeller Institute for Medical Research, New York.}. 


Pneumocooci in the rapidly frozen and dried state may 
remain viable for at least 3 years. The serological specif- 
icity and virulence of strains recovered after freezing and 
drying remain unaltered, Variations in the viability of 
the different types of pneumococci were observed under the 
conditions studied. 
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23 « Kosslcr, Ws Re f 
1942. Preservation of Bartonella muris in Frozen State. 
Proc» Soc» Exp» Biole & Mede, 49;200—2416 


The infectivity of Bectonelie muris can be preserved for at 
least 11 weeks when infected defibrinated rat blood is 
rapidly frozen in a mixture of dry ice and alcohol and then 
preserved in dry ices 


245 Deakin, Re 
194226 Preservation (by Quick Freezing) of Gonococeus 
in Urines and Broths, Ams Js Syphe, Gonors, and Vene 
Diss, 26431383156 (Depte of Bact., Washington University 
and the Washington University Clinics, St.» Louts, Missouri.) 


Geocwec{ were preserved for from 24 te 55 hours by freezing in 
urine and infusion broth in absolute aleohol and dry ices 

The purpose of the study was to prove whether cultures of 
this organism could be shipped to central laboratorics. 
Thawing of the specimen must be accomplished just before 
pleating. 


25, Castell, Ce He and ieDermott, Le Ac ; 
1942, Multiplication of Bectcrin in Water and Its 
Signifieenee in Food Spoilagee Food Research, 73244+253. 
(Dept. of Bagtoriology, Ontario Agrioulturnl College, 


Guelph, Canada.)» 


Water is essential in elmost 211 food industries nnd if 

the beeterircl flora of water ean incronse from dogens to 
millions simply by romnining et ordinnry temperatures for a 
day or so, this may have grent significnnoo quite opart from 
the publio health stanpoint," 


In their experiments the suthors uscd driven well water 

which was unchlorineted ond contsined on oxtremoly low 
bactcrial count per millilitor. Water was held ot room 
tompernturc (25°C,) ond pleted on becf oxtreet agar with 

the following results «+ = initicl 4/cos 48 hours 1,972,000/ec4 
6 days 223,000/cos 40 drys 300,000/cc; and 60 days 40,900/cos 


Semples of water were then hold xt three representative 
tempernturos = » 25°C., 37°C., end 2-5°C. In enoh enso 
beetoriol multiplicntion ogaurred os proved by plate count 
techniques, In the ense of the samples hold at 2-5°C, the 
rosults wero unprediaatable snd quite variable; howovoer, 
multipliestion did occurs During the course of this study 
the suthors mado tho observetion that the microflora which 
develops in weter held ct room tomperature has a temperature 
renge reaching clmost to the froczing points 
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‘In ‘the course of thoir studies ‘the authors noted ‘that many 
orranisns will grov in distilled water; thet chlorine and 
‘sodium chloride inhibit the ¢rovith of becteria; and :that 
the faster the flow of water the lower the count. 


“The Ldlbowing species showed active multidlication in 
water, reaching counts of over 500,000 ver nile: iseudo- 

» * . s ee > SS 
nonas flvorestens, -seudononas egruginesa, “scudomonas 
‘Traci, <eroboceter ccrorencs, Serratia marcescens, : end 
e ~ - : ” a cart os . , * 
Arehronobatter 11 70lVb cue ‘Psoueorionss putrofeciens ’ 
rave Variablc resvlts bu -anoarently. prev better in water 
whon sic¢ompanion by certain other orsenisns." “iischerichia 

| coli, Proteus vulsuris, sloslisencs viscosus, Stabhylo- . 

| ‘Bobous Burous, Stanhylococeus eitrous, Cereina lutes, 
Bicrococeus conriomeratus, Prcilius subtilis, ecilius 

Mm doides, Heoillus ravaglens, fsecilins prnis, end sacillus 
nesenterious showed no Sipniricant incresse over @ nerio 
of 20 dayse 


Nelson, Fs He 
1944. “Factors ich Influerice Growth of Heat-Trosted 
Recteria, de Nacte, 462473477, -(Kensas Agrievitural 
ixperimént Station, Menhettan, Yensas.). 


The abthor- concludes ‘that his investigations furnish further 
eviderce that heet treated beéteria are more exacting in 
their requirements for. initiation of serowth than are une 
heated control bocteria. ot oniv'the nresence of edequate 
kinds of nutrients but also the quantitics of these nutrients 
‘and the ordér in which the pentone surplenent is added:to 
‘the besal ‘médium.scem to be of sipgnificence in ?ctormining 
‘the vieble »onvlation:in a heat treated cultures 
, 

{(Neter oes a*sinilér stato occur in cold-trented bacteria? 
This nicht lead’ to a study of svitable medie to be used in 
determining viable poxulations .in frozen producte.). 
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Woiser, Re Se and Ostorud, Ce Me 
1945. Studios on Donth of Bacterin ot Low Tompernturesys 
Influence of Intensity of Freezing Temperatures, Ree 
pected Fluetuntions, of Tempersture, and Period of 
Exposure to Frecaing Temperatures on Mortality of 
Eschorichia colie J» Bacte, 50413-43839. (University 
of Washington, Seattle, Weshington.). 


This investigation was undor taken to assemblo reliable 
quentitative. deta on the deoth of bactcria ct low temparntures 
which would be of veluc “in olucidating the manner in which 
low tempernturo injury is produecd. The investigation was 
Limited to the study of Escherichia coli suspenied in 1% 
peptone or a peptone buffer mixture at pH7.6é. 


The followins valuable conclusions are included in the 
summary: (1) Death by freezing involves rapidly acting or 
"immediate" death, caused by freezing and thawing per se, 


‘and a "storage" death which is a direct function of the time 


and temperature. (2) Immediate mortality by freesing is 
marked but does not vary with the intensity of the freozing 
tomperatures (3) Immediate death occurs at a brief stage 

in the freezing process during which extracellular ide 
formation is being gompleted. (4) Tho rate of storage death 
at the higher freczing temperatures is very rapid ond is much 
grontcr nt temperatures above -30°C than at temperntures of 
~30°C ond bolow. (5) Repceted freezing is more lethal than | 

& singlo freozing and thewing or storage in the frozen state 
for . similer interval of times (6) Frocging is more lethal 
than supercoolinge (7) Repeated fluctuations of tomporature 
of frozen suspensions do not oxert o lethal aétion additional 
to that of storage. (8) Repented fluotuntions of tempornture 
of frozen suspensions between «30°C and ~78°C eppenr to 
result in « lower mortelity than storngo at cither tempernture; 
however, this protective cffect wes not noted at tomporctures 
ebove «30°C nor below «78°C. (9) Storage death ot 195° 
either does not take place or is so slow that it is difficult 
to detcet within the stornge pcriod studied. 


In their discussion the nuthors indiente that the weight of 
their expcrimentsl evidenec here presented supports tho 

theory of the mechanicnl action of oxtrecellular ice cs the 
principal onause of immodicte decth due to freczing, as opposed 
to tho theory of intraécllular iec formation, or the theory 
of concentration of solutes as the ico erystals ore formed. 
This discussion is interesting ond scomingly pertinent. 
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Weiser, R, Ss and Ney Co On 


1986 . Studies on the Death of Becteri& at Low 
Temperatures; the Comparative Effedts of Crystelliza- 
tion, Vitromelting, and Devitrification on the | 
Mortality of Escherichia colis J» Bacts, 529 71+79.s 
(Depts of Bacteriology, Uni¥ersity of Washington, 
School of Medicine, Seattle, Washington.) « 


This paper is a continuation of the.1948 experiment, and is 
an attempt to gain additienal informati@n concerning the 
mechanism of death of bacteria by freezings 


"Water, if cooled to very low temperatures under special 
conditions, may ¢crystallize without forming ice. Briefly 
vitrification of any aqueous solution can be acéomplished 
by reducing the temperature through the zone oat which © 
crystellization occurs so rapidly thet there is insufficient 
time for crystals to forms Incrensing the Viscosity usually 
aids the enso of fibrifiertion. If vitreous woter is warmed 
slowly, devitrifiextion will occur; whereas, if it is warmed 
repidly vitromelting will occur. Slow warming docs not res 
sult in « change to the crystalline state | (vitrifidnation) 
until tempersturcs spproaching O°C. aro rencheds 


In their summery the nuthors conéludey (1) “Esohcrichic 
coli was suspanded in 10% suorose and subjoctcd to orystal» 
lization, vitromelting, end devitrifieation trectments at 
~195°C. The. vitromelting wns found to be more lethal than 
crystollizotion treotmentse (2) The dovitrifidstion treats 
ment ws more lothel then cithor the vitromolting or the 
crystolligation trortment."™ 


In their discussion the work of Stiles (1930): Luyet and 
Gehenio (1940); Gootz, A. and Goctz, Ss end Breedis (1942) 
are montioncds The authors thon present their thoories 
eoncorning the mechanism of deoth of bacteria by low 
tomperaturcss 


Noylor, Hs By end Smith, Pe. A. 
1946. Foetors Affocting tho Viebility of Serrntin 
marcescens During Dehydretion and Storage J. Bate, 
52}S6b-b7o. (Camp Detrick, Fredorick, Marylands), 


To abtein a meximum survival of Sorratin mar¢eséons during 

dehydration end stor-ge, the nuthors roport the following 

Sonditions are most sotisfactory: (1) Harvest the colls 

at tho end of the logarithmic growth phase from on norstod 

culture (18+24 hours nt 30-34°C). (2) Mix the ool] con: 

woh with a solution containing ascorbio acid, thiouren, 
CL, ond dextrin ot pH6-7. (Optimum conecntrotion 

ot. O45, O«5, and 2.0 respectively.) (3) + Dehydrate by 

lyopHilisdtton. (4) Store in a high vacuums 


Me100 ff eo 22 Continucds 


+ 


DIVISION II. 
RESISTANCE OF MYCOBACTERIUM TUBERCULOSIS TO COLDs 


1. Cornet, Ge ii | 
19044 Tubcreulosis snd Acute Generrlized Tuberculosis. 
American Edition by W. Be James and A. Stengol Poges 45-46% 


Resistance to Cold + = The tubercle bacilli have the power of 
resisting cold for a long peri#d. In Galtier's experiments 
even temporary freezing did not destroy their virulence. 
During the winter of 1888, the author (Cornet) allowed some 
tubereulous sputum to dry upon asphalt plates in the narrow 
yard of the institute. “In a few days it snowed, and “the 
frost often fell as low as =10°C; the snow lay for about 

3 weeks. In the 5th week there was a second snowfall, lasting 
seveftal days. Every weeks from the first to the sixth, sputum 
specimens were taken and inoculated upon guinea=pigse Every 
time, even aftor tho sixth week, the sputum wes found to be 

of full virulence. As these experiments were underteken 

for « different purpose, accurate tempcrature records were 

not kept, yet thoy suffice to show that tubercle bevilli 
rotain their vitality ss long es six weeks ot very lew temp= 
eratures, up to -]13°C, undor fe covering of snow." 


2e Twitchell, D. 
19054 The Vinbility of Tuberele Bacilli in Sputum. 
Med. Nows, 872642+647. (M2. Seranac Lake, New York.) — 


The purpose of this cxperimocntation was to prove how long 
tubercle beeilli would live in sputum undor neturel conditions. 
The sputum uscd in the studics wes . mixture of thet obtained 
from two paticnts with advancing pulmonary taberculosis. 
The: work may be divided into sovon portions + = the first 
three portions deal with the exposurc of test sputum to 
moisture, diffuse light, direct sunlight, darkness, end 
moderrte heat; the fourth portion deols with the exposure of 
test sputum to ordinary living conditions when oxposcd on a 
hondkcrehief, cc carpet, on wood, snd on a woolen binnkot; and 
_ the last three portions deal with the oxposure of test sputum 
to sonditions of e¢old and freegings 


The results of the first four portions of the cxpcrimont are 
given in considerable detail; howcver, they mcy be summarized 
as follows: tuborele bacilli will live for modcrrtely long 
periods of time (as long es 170 deys) in the matcrials tested. 
This organism is pertieulerly favored by moisture and derk» 
ness and is destroyed in relatively short time by direct sun 
lights. The results of the work with cold are givon in more 
detail cs follows (1) sputum within opon white glass bottles, 
stored outdoors, during the winter months produced typicel 
tuberculosis in tcst guiner pigs cftcor 110 days but not after 
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131 days, (2) sputum within blocks of ice produced typical 
tuberculosis when thawed and inoculated into test gu ples pigs 
after 102 days but not after 136 dayse 


Gloyne, Se Re 
1920. A Note on the Viability of Acid-Fast Bacilli« 
Tubercle, 2312-13. (Pathologist, City of Londen Hospital 
for Digeases of the Cheste}e * 


' The author noted that one stock culture of tubercle bacillus 


on Dorset's egg medium survived untouched for nearly six years, 
while two cultures on glycerin agar dicd out. 


berice, He Je and Gauss, He 
1923, The Preservation of Cultures of Human and Bovine 
Tubercle Bacilli,g Am, Reve Tuberc., 61040-1445. 


Fully grown cultures of human tubercle bacilli may remain 
viable on Petroff's gentian violet medium or 5% glycerol- 
egear, whother kept in the ice box or inoubator, for from 4-8 
monthse Bovine tubercle bacilli are more resistant and may 
romain vieble from 8-16 months. Drying tends to shorten the 
period of viabilitye 


Shope, Re Fe 
1926. The Survival of the Tubercle Bacillus in Suspension 
in Physiologionl Satt Solution. Js. Expors. Mede 4426234624, 
(Dept. of Animel Paths. of the Rockcfellar Institute for 
Medicsl: Research, Princeton, Nade)s 


This note was to place on record the observation thet three 
suspensions of tubercle bacilli in physiologicnl seline wore 
nlive and virulent for guines pigs after stcnding for periods 
of 310, 325, end 330 deys respectivoly, at refrigerstor 
tempereturo. The temporaturo of the refrigerator fluctunted 
about the freezing point but was not recorded. All of the 
test guinos pigs showed . well merked genoralized tuberculosis 
and there wes nothing atypics1 in the course of the disesso 
or in the autopsy findings. ; 


Gloyne,. Se Re 
1928~- The Viability of tho Tuberele Bacillus Under Zero 
Conditions Outside the Body. Tubcrele, 9573. 


A small portion of growth of a humen strein of tubercle 
becillus of known virulence was removed from a culture on 
Doreet’s egg modiume This porticn cf groovin was transferred 
to a Hayden's morter, ground up with trinic distiiicd water, 
diluted to a strength of 1,000 miijiion snaeilii per cubic 
centimetor and placed in vaccine snpovies which hea@ been 
previously weshed with triple distillea water and storilizede 


Mel09 Of 24 Continued. 


Te 


8s 


96 


10. 


The ampoules were then sealed and packed with ice in the 
intorior of « vecuum flasks The flask was replenished with 
ice dailys Except for a few moments during the refilling of 
the flask with ice, the ampoules remained constantly in the 
dark. Each week for twelve weeks an ampoule was removed and 
the contents inoculated subcutaneously into a test guinea pig. 
The contents of all twelve ampoules produced gencralized 
tuberculosis in guinea pigss Negative results were apparently 
not obtained and the experiment was terminated at the end of 
twelve weekse 


Williams, Re S. and Hoy, We As 
1930. The Viability of B. tuberculosis (bovinus) on 
Pasture Land, in Stored Faeces and in Liquid Manures 
Je Hyge, 307413-419. (National Institute for Research 
in Dairying, University of Reading) 


Under ordinary conditions B. tuberculosis (on pasture land in 
the south of England) may remain alive and virulent in cow's 
feces for a period of five months in winter, two months in the 
spring., and for four months during the autumn,» During the 
summer no living organisms were demonstrated after two months. 
Studies of viability in stored feces and liquid manure showed 
the organism to be very resistant. 


Harris, Me Mé and Lange, Le Be 
1932-33. A Note on the Preservation of Acid-Fast Bacteria 
in Vacuo. J. Lab. & Clinse Med», 18:1C66-1067. (Dept. 
of Bacte, The John Hopkins School of Hygiene and Public 
Health). 


A "Brown's" modified method for preservation of acid fast 
bacteria is described. Organisms were preserved for as long 
as 11 months by this method. (A relatively simple method). 


Corper, Hs Js and Cohn, M. L. 
1933. The Viability and Virulence of Old Cultures of 
Tubercle Bacillis Studies on Twelve~Year Broth Cultures 
Meinteined at Incubator Temperatures Ames. Rev. Tuberce, 
28 3856-874, 


A readable report on prolonged viahi’.ity and virulence of 
tuberele organisms. 


Cohn, M. L. 
1939. Preservation of Tubeols Beoitii., am: sev, 
Tubercoe, 40999-108. (Reseach Lep*., National cevish 
Hospiial, Denver.)s 


Desiceated human (virulent and avirulent), bovine (7iruient), 
and avian (virulent) tubercle bacilli elmost completely retain 
viability for three years at refrigerator temperature (3°C), 
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while naturel cultures survive under the same cv. jition of 
temperature only about six months to one year (oecesionally 

two years)- fhe loss of viability of the desiccated cultures 
ef these same'strains of tubercle bacilli is much more rapid 

at incubetor temperature, being almost somplete at six months 
to one yeer; while ot room temperature, they survive a little 
better than at incubator temperatures The loss of viability 

of tubercle bacilli is primarily a function ef the temperature 
at which they are stored, regardless whether they are desiocat- 
ed or natural. 


Kyes, Pe and Potter, Te 
1939. The Resistanoe of Avian Tubercle Bacilli to Low 
Temperatures with Lspesial FPeference to “ultiple Changes 
in Temperatures J. Infecte Dise, 64:1234134- (Lab. 
of Preventive siedicine, University of Chicages)« 


In this paper the authors give a reviow of the earlier 
litereture as regerds the destructive effect of low temperatures 
upon living matter in general, on bacteria, and most particular- 
‘ly on tuberele bacilli. Kyes and Potter (this paper) de~ 
monstrate that avian tuberele bacilli may not only survive 

the temperature of liquid air but even several freezings as 
practiced by Swithinbank, and that they mey survive when rapid 
fP@ouing and thawing is accomplished 20, 40, 80, and even 200 
timese One experiment shows a similar result when freezing 

and thawing are cscomplished at a distinctly slow rate» 

Although bacilli are invariably present after freezing and 
thawing, their ability to multiply in culture and to produce 
repidly progressive disease in susceptible animals is dis- 
tinctly reduced. 


Glover, Pe Be | 
1946. Effect of Freese-Drying and Low Temperatures on 
Viability of ‘lycobaeterium tuberculosisl Je Pathe & 
Bact., 58¢lll-114. 


Human and bovine strains of Ii. tuberculosis suspended in 
distilled water, normal seline, and inectivated bovine serum 
were preserved et a temperature of -76°C end by freeseedrying. 
The number of vieble bacilli in tenfold dilutions was ascertaine 
‘ed before treatment and agein at varying intervals up to 180 
days by the inoovlatien of guinea pigs and hamsters and by 
cultural methods. Cultures stored at low temperature showed 
no appreciable less after 1f0 deyas freeze dried material, 
however, sustained an immediate fall in activity, estimated 
at 100 to 1000 fold; thereafter, the dried: material re- 
meined stable. 


~ 
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DIVISIO: Ile 
LFFLCT OF COLD ON O'GANIS '§ OTHER THAT RACTERIA. 


Boak, Re Ae, Cerventer, C. .«, and “errén, &. Le 
1933. The In Vivi Thermal lbeath Time of Treoonema 
Pallidum. Ue Beot., 25:93. (2roceedings Society of 
American “acteriolorist). 


The in vitro thermal deeth time for Treponema psllddum has 
been measured ate- ig Cac ie 

5 hours at 39 °c 

3 hours at 40°C 

2 hours at 41°C 

1 hour at 41.5°C.. 


The length of time required to kill Trenonema pallidum in 

the body of exverimental rabbits by fever temperatures checked 
feirly well with the thermal death time obtainsd in vitro; 
however, it was slirhtly loneer et each temnpersture. 


Turner, Te 5. snd Trayton, NoLe 
1939. Factors Influencing the furvivel of Spirochetes 
in the Frozen State. J. Ixner. “eds, 70:639-650. 
(Dept. of Bacteriology, Johns ‘“onkins School of Hyciene 
and Sublie Health, Reltimore, :‘erylend.) 


Titretion experiments with relapsing fever svirochetes 

before ond after freezing showed the following results: 

(1) “ith eech freezin.: and thewing there was e slicht but 
regular decrease in virulence, which Receneer bears no re 
lation to the duration of storage et -78°C.. Ordinsrily ine 
fectivity is destroyed by more then four freezings: (2) 
otility wes not always a good critcrian of infectivitys 

(3) Cooling svirochetes from 0°C to -78°C over a 2~6 hour 
veriod demeges them only slighly more than does ranid cooling, 
but warming over a 2-6 hour veriod kills most of the orgenismsm 
Repid thawing, as in a water bath, damages the spirochetes less 
then thewing more slowly, as at roon tempercture. (4) At 
storage temperatures of -12 °c and -20°C there is a gredual 
decrease in virulence over a veriod of days or weeks, and 

by the’6th week the infectivity of the material is merkedly 
reducede 


The authors conclude that the ontimum conditions for the pre-e 
servetion of soirochetes and vrobably other microorganisms, 
in the frozen state ere afforded by rapid cooling, storaze 

at -78°9C, end rapid thawines. These organisms ere severly 
danased by storare et temoeratures of ~20°C and hirher, end 
by slow thawinr. 


Within the paver the euthors discuss other »hases of the 
freezin::-thawing -oroblem and make the following interesting 
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statements "At the risk of oversimvlification, then, it can 
be said that in the maintenance of microorganisms at low 
temperatures the injury mey arise from two sets of factors. 
The one, associated with the act of freezing and thewing, 

and the other, associated with the storage period: It seems 
probable that under the first set of conditions the damage is 
done by pvhysicel Shances in the cell or in the surrounding 
mediume” 


Se Oag, Re Ke 
1939. . Preservation of Borrelia dutteni by Freezinr. 
Je of Pethe & Bact., 499527590. RES of Racteriology, 
University of Edinbursh.) > 


Virulent Borrelia duttoni hev> s:en meintained one month in 
tissue frozen at -78°C; “Phere as, the strain failed to multiply 
in vitro end did not witihs‘isnd orcinary desiccevion and ree 
frigeration. . 


46 King, Ae Gs ; 
1930. Viability of tre Oreyurien of Dock jlountein 
Snotted Fever when Frozan- dd, cf santecte Dise, 46¢% 
279-2846 (Dent. of “atholor), ilervard siedical £chool, 
Boston, ‘lasse). 


This ervcerinent consisted of removinrs the brain of © suinea 
pig at the heirht of its infection with coy ticuntain 
spotted Fever and setting it awevy in a sterile test tube at 
approximetely -70°C. 4t verious times cone of the metcrial 
was inoculated into normal guinea pips to test infectivitye 
A positive test evolved about the clintcuakl course, demonstra- 
tion of the causative agent iu secticn: of the testicle of 
the tested pigs, or the exhibition of srevifis immunity. 


In summery the organisn of Focky Hourtein Cpotted Fever may 
be kept alive and virulent in well frozen brain tissue for 
as long as 321 dayse Frozen brein is = svpericr medium to 
brein in glycerol in the cold. Dy-combining several infectious 
breins and using the frozen subdivided parts of the mixture, 
infectivity may practically be insured. It te possible to 
keep the strain of Vocky «ountain Snotted Fever alive in 
the leboratory by successive transfers of infeatious brein 
frozen over a long period of time. The infectiousness of 
blood well frozen for one month wes retained in 85% of 13 
cases, with a dosage of 5 cow After 95 days freezing 7-5 ec 
of blood proved *¥irulent. 


Se Bauer, de He end Pickels, he (. 
1940. foperetus for Freezing and Prving Virus in Lerge 


“vyentities Under Uniform Conditionse Je Exper. tied. 
Fl sb36882 4 . 
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This paver presents a method (lerge seale) for preservation 
of virus (yellow fever) by desiccatien, freezing, ctoe. This 
method wovld probrbly have value in large scale work. 


Coggeshall, le Te 


193°. po Soha of Vieble Melaria Peresites in the 
Frozen States «roGe [0Ge UxXDe Biole o: ede, 423499—5014 , 
(Laboratories of the tetérnadienet 2 Tealth Division ge 
the lLockefeller Founcation, New Yorl-.). 


This pener describes a method for preserving monkey maleria 
narasites for es lone as 70 devs. The nein features of the. 
method are repid freezing, stovas: at ~76°C., and rapid Nhewinée'> 


Virulence of the organisms is veteineds 
| ' 


slanwell, Re De end Jeffery, C, 


1942. Prreservatior of Avie Loelerta rarrsites by Lowe . 
Temperature Freeriar: rrc7ceo. Soc. Exo, Biol. % swede, 
502222-224,. (Dect. of Zoology, Syreovse, University.). 


Seven svecies of avier malaria slesmedie vera successfully 
preserved for veriods uo to 25 dave br iow temrereture: freeze -. 
ine, ._Sveed of freezing and tneawins were the important factorse’.. 
Tenperetures ranging between «55°C ond -. 8° wera used in: the 


exnerimento 


svanwell, fe De 
1943. Lov To: perature Prsezine cf Veinvie -rsrasites. 
dme de Trope tied., 23:25 LooL ey 


¢ Tr § 
vyracuse, Ur. 


» 


By freezins infected blend in ovray Sest twhes in © chest of 
drv ice snd alcohol, at least #8 strains of avien olasnodia: 
enc Trvnanosona lewisi have been vreosewved in c« vieble state: 


ee 


for 212 devs, 


Luyet, “« de and “artune. MH. 0. 


1941. Factors in the j.evival of Anenuillule aceti sfter 
ites tolidifiostion in Liquid ‘ir. 'n. Js cf Phivsiolopy, 
132:368=-369. (Dent. of Biclory, ob. 4ovis Universit 

St. Lovis, tiissovrie). (Proceedin:s or the /morioan 
Physiological Society). 


"It has been renorted vreviously thet the phere 8 eel, 
ingvillula eceti, @ nematode abeut 2 rm. longs en be revived 
efter having Been timersed in licuid air (-198°C) if its water 
content has been pertially reduced by immersion in: 30%: ethylene 
glyeol and if the worm is rewarned et a velocity of the order 
of 1000 degrees per second. The reason of the necessity of : 
so renid es rewarming is thet an exposure of even a tenth of a 

second to te peratures imnediately below zero allovs the 
formation of ice end is fatal. .The present revort is con» 
cerned with the extent of this zone of dangerous temvereturess .. 


- 
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The worms, efter immersion in liquid sir, were exnosed 

for 5 mimutes in an iso-nentene beth maintained at a 

constant teaperature from 50°C to -25°C., then thoy were 
rapidly rewermede. fone of the aninals..exnosed to temperatures 
ehove =40°C,. survived, while out of 80 exnosed to ternneratures 
below -43°C, 28 survived. The dangerous gone (that of the 
fornation of ice) for the tissues of Anguillula aceti must, 
therefore, extend from 0 °¢ to about: -40° C; at lower Serine atures 
these tissues cen be kept in the vitreous _— at least for- 

5 minutes." 


Ransom, .3e Ue 
1914-15... The Destruction of the Vitality of Cysticcreus- 
bovis By Freezing. de.Parasitols, 125-9». (Bureau of 
fninel Husbandry, Ue.S. Denertment of Agriculture.).. 


A Yapse of 21 days following slaughter is amply sufficient 
to insure the death of the beef cysticemeus, and on the other= 
hand 14 days is not sufficiente 


ixperimentation shows thet if measly beef carcasses are ex-. 
posed for 6 days to a tenperature not exceeding 15°F. the 
vitality of the cysticerci will be destroyed end that some 
mey survive in carcasses exposed for 5 days to this temperature,. 
thourh it is doubtful whether they will retein sufficient 
vitelity to develop in the humen host, and finally that. 
considerable »roportion may survive in carcasses exposed 
to a temperature of 15°F, for 4 deys or lesse 


Loosenoff, Va.Le 
1946... Survivel and ortality of Frozen Oysters . 
(O. virginica.).. nat. ‘c., 962586. (lilford Lab- 
oretory, Ue ©+ Fish end Wildlife eae 


The majority of oysters, if frozen but left undisturbed until 
they thew out, will survive; however, if frozen oysters are 
shaken or subjected to any other tyne of roush handling, 
heevy mortality will occur emong them. In some of the ex- 


‘periments 100% of the oysters, which were first frozen end 


then shaken in a basket, died, while almost all of the animals 
in enother basket, which was frozen but not shaken,. were 

found alive upon thewing. Ten weeks after the end of the 
experiment the thawed oysters were exnerently in a healthy 
conditione The xortelity among the sheken oysters was proe 
bably due to the damaze ceused by the rearrangement of ice. 
crystals within the body cells of the mollusks. 


These experiments were run during the winter of 1945-46 with 
the oysters of Long Island Sound and ..ilford “srbor.. The 
ace of the oysters used rm ged from 6 months to 5 yearse 


Mel0o #1 
oe . 36 “te a s ‘Continued. 


32, Geyvloerd,.‘s 2, 

oa 1908» The Kegistenae of imbrvonic Lnithelium, Trens- 
nlentable «louse Ceneer, snd Certein Yrvanisms to 
Freeging with Liquid «ir, Jy Infect, Dis,, 53445448, 
(New York State Cancer Leboratory, Buffalo, New Yorks)» 


The author notes the findines of J, & tay Salvineiloore, Ce Np 
“plker, ond J V, Vekelin Ferrett in studies of the effects 
of tiquid eir vpon the grafteble cencer of mice, These 
euthors found thet trensnlantable ncuse eancer cen be exe 
nosed to the freezing of liquid air for from 20 minutes o 
helf en hour and thet such frozen materiel inocvlated into 
miee is canable in e certain number of instances of vrodute 
ing growing tumors. The tunors which develop fram such 
grafts are essentially of the seme histolorical eoperrance 
as the tumors from which they were teken. J/1thouzh these 
euthors give prominence tc the ides that the freeging in 
all probability destroys the cencer cells, but leaves ine 
tact some virus thet stimulates the cells of the host to proe 
liferation with the formation of a new tumor, they consider. 
the nossibility of the canoer cells being eble to withstand 
this low terperature, Inasmuch as some bacterie md try- 
penosomes ere said to survive ti:is te inereture for a oceriod 
of 20 minutes, end es normel tissue cells are not suoposed 
to be canable of resistins such temperature, they are ine 
clined to believe thet these experiments indicate the 
presence of a parasite in the cencer tissue, 


9 suscentible 


Frogen 40 minutes ~~” mice 2 developed tumors 


Ag ‘i : 14 suscentible 
Ca. of .iouse’. Frozen 80 minutes ~ miae 3 develoved tumors 
(G 1,532 D) \ ~ 65 susoontible 


‘Unfrozen controls ~ ° mioe ~ el] develoned tumors 


B, “etermination of lesistence of PSP A A Mh a hl to 
freezing with Liquid dir, 


Frozen 20 Iling - 2 rats | both died Setshiees 
Soleen of ate ~" somewhat decrensed. ) 
rete with *---rozen 49 ‘in —-.-...2 rats -..Trypanosomes destroyed 
T,. sambiense_ | 
, Frozen &0 minutes-.- 2 rats ...Trxponosomes destroyed 
‘Unfrozen gontrol-—-. 2 rats --yoth died, 
te100 #1, 
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C,. letermination of lesisting Yower of Growing [pithelium to 


freezing. 
-Froégen 20 tins... .. 9 mice. 
Os Pig : No growth - 
.septic tisste Frozen 40 Mins -. -. 8 mice  nedrosis of 
of mouse =‘. | | tissue 
embryo Frozen 80 ‘lins... .14 mice 
~Unfrozen Controls ...5 mice . .,,howed growth 


"In the cese of embryonic tissue, it is a well known fect that 
epithelium trensplanted into subcutaneous tissues of animals 
of the sane species shows distinct evidence of proliferation 


and growth, frequently for a considerable period of time." 


Geylord concludes; (1) The cells of transplentable mouse 
cencer can withstend freezins for a neriod of 80 minutes and 
still oroduce tumorss The nercentage of inoculations is 
greotly diminished, the tumor s anpesr later and grow more 
slowly than when transplanted directly. They present the © 
some histological picture es the tumors from which they 
were takon ene the controls. (2) mbryonic tissue is kill- 
ed by freezing with liguid air. (3) Tryponosome rembiense 
cen resist freezin® with liquid eir for a veriod of 20 
minutes. It is killed at 40 minutes. 


13% Breedis, C. 

1942. The ‘ction of ixtreme Cold on Leukemi¢ Cells of 

Micee J» of “xpery ‘eds, 7632214240. (Vent. of Peth- 

ology, Cornell University ‘iedi¢sl College, New Yorks). 
The author makes the observetion thet viruses, bacteria, and 
single celled or multicelluler animals and plents moy sur 
vive the temperatures of liquid air or lower an“ thet the 
resistance of those forms that showed merked told hardiness 
is correlated with ability to survive desiccation. ‘fter 
exnerimentetion with the effects of extreme cold on leukemic 
cells of mice, the euthor makes the following notations: 
(1} Suspensions of leukemic cells repidly frozen to -196°C 
were in ell ceses innocuous; whereas, those frozen slowly 
were capable of transmitting leukemia. The infeetivity of 
slovly frozen material varied from an estimated 0.0901 pertent 
of that of fresh materiel, anc this figure »orobably represents 
the vercentage of surviving leukemic cells. (2) articles 
of s»xleen and lymmhnode reacted to slow ard rapid freezing 
in the seme manner eas the susnensions prevered from theme 
(3) For one of the three strains studied, ranid thewing 
was less injurious than slow thawing; for the other two 
strains the rate of thewine seemed to be immaterial. 
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Tetermination of ‘esisting Yower of Growing [pithelium to 
freezing. — " . 


Frozen 20 aves ~~~ 9 mice. 
ae : . No growth « 


septic tissue Frozen 40 Mine - -. 8 mice _ nesrosis sf 
of mouse “~~ - | tleaue 
embryo “. Frogen 80 ‘line. - .14 mice 


1d» 


’ Unfrosen Controls .... 5 mice ; -»vhowed growth 


"In the csse of embryonic tissue, it is a well known fect that 
epithelium trensolanted into subcutaneous tissues of animals .: 
of the sane species shows distinct evidence of vroliferation 
and growth, frequently for a considerable period of time." 


Geylord concludes; (1) The cells of transplantable mouse 
geneer can withstend freezins for a neriod of 80 minutes and 
still oroduce tumors. The nereentage of inoculations is 
greatly diminished, the tumor s snpeer later end grow more 
slowly than when transplanted directly. They present the 
seme histolosicel picture as the tumors from which they 
were taken enc the controls. (2) Embryonic tissue is kill- 
ed by freezing with liguid air. (3) Tryponosome renblense 
cen resist freezinz with liquid eir for a neriod of 20 
minutes. It is killed at 40 minutes. 


Breedis, C. : 

1942. The s.ction of ixtreme Cold on Leukemic Cells of 

Micese ds. of ‘ixper, ‘‘ed., 763221-240. (Dent. of Peth- 

ology, Cornell ‘University iediesl College, New York.). 
The author makes the observation thet viruses, bacteria, and 
single celled or multicellular animals and plants may. eure 
vive the temperatures of liquid air or lower and. thet. the 
resistance of those forms that showed merked cold herdiness 
is correlated with sbility to survive desiccation... ‘fter 
exoerinentation with the effects of extreme cold on leukemic 
cells of miec, the euthor makes the following notations: ~ 
(1) Suspensions of leukemic cells repidly frozen to #196°C 
were in ell cases innocuous; whereas, those frozen slowly 
were capable of trensmitting leukemia. The infectivity of 
slowly frozen material varied from an estimated 0.0001 pergent 
of that of fresh meterisl, and this figure >robebly represents 
the percentage of surviving leukemic cells. (2) ‘articles 
of svleen and lymphnode reacted to slow atid rapid freezing 
in the same manner es the suspensions prevered from them. 
(3) For one of the three strains studied, ranid thewing 
was less injurious than slow thawing; for. the other two 
strains the rate of thewinge seemed to ‘be mnie 
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(4) Infectivity was equally well preserved after freezing 
to «21°C whether freezing occurred snvontaneously after 
supercooling or wes initiated near the freezing voint by 
inocvlation with ice, or whether thewing was rapid or 

slows (5) Suspensions: elready slowly frozen at temperatures 
of -2°C or lower, whether syontaneously or by inoculation 
with ite, covld no longer be gompletely inactivated by sub- 
sequent repid cooling to -196 Cs Unfrozen suspensions in- 
itielly above the freezing ooint or supercooled to #2°C or 
+8°C and then rapidly cooled to «196°C were inactivated: 
This protective action of vcrevious slow freezing was most 
marked when the initial tempereture of the frozen suspension 
wes +15°C or lower; when it was +2°C protection wes barely 
detected. 


The author states that these observations indicete that the 
éhanges which are peculiar to rapid freezing alone and lead 

to complete inactivation take olace during rapid transition © 
from the liquid to the solid state, in a range of texperature 
lying between #150C and the freezing points Temperature 
measurements carried out in this range showed that suspensions 
were about equally infectioug whether the temperature at 

their centers dropned from 0 C to -15°C in 30 minutes or in 

1 minute; when the drop occurred in 12 seconds or less, the 
susnensions beceme inocuous. 


It should be noted that in many respects these findings are 
not in agreement with those on other forms of animel and 
plent life for revid freezing usunlly results in a pre- 
servation of such lifes 


Lambert, Ks Ac 
1913s The influence of Temperature and Fluid iiedium 
on the Svrvival of Embryonic Tissues in Vitro. J. 
Uxpers iieds, 183406-411. (Dents of Pathology of 
Columbia Yniversity, Collere of “hysicians and Surreons, 
New Yorks )a 


-In this experiment the author preserved small pieces of 
@hick and ret embryo in hanging drop plesma (Pingers and 


Physiologic saline) suspensionss The specimens were divided 
into grouns and treated with varying temperatures ranging 
from =7°C to 20°C. After storage the specimens were trans+ 
ferred to a fresh drop of plasma and incubated at 37°C. 


The author concludes: (1) imbryonic chick and rat tissues 
preserved et tenperetures ranging from -7°C to 20°C live 
longest at about 6°Cs The duration of life under the most 
favorable conditions is less than 20 days» (2) The kind 


of isotonic medium used (plasma, serum, kinger's, or normal 


selt solution) does not avvresiably influence the veriod of 
survivel. The quantity of medium in proportion of tissue 
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is similerly without marked effect. (3) Those snecimens 
Bound to be frozen were inveriably killed. 


Noarland, ibe and 2incus, Ge 
1942. ‘Nevivel of semmelien -verm after Immersion in 
Liquid Nitrogen. ds Sen. Physiolory, 25:¢° 7-344. 
(Physiological Laboratories, Clark University, 
Vorcester. 


In this experiment s wide veriety of »rocedures were used 
to test the motility of memmelier sperm efter plunging 

them into liquid nitrogen at -195 C and later rapidly warm- 
‘ing them to 35°C by plunging them’into a suitable balenced 
and isotonic medium. 


On using seminel fluid sperm from the same human donear, the 
authors found maximal numbers of motile sperm. survived 
vitrification when the samples were very fresh, untreated 
with plesmolysiny solutions, and plunged into the refrigerant 
in the form of-e foam. The maximal yield of motile human 
sperm was 50%. Since in this sample only 75% of the sperm 
were eslive: before immersion, 67% of the living snverm sur- 
Nvived vitrificetion. 

Lxperiments with sperm from 31 rabbits were mede under. a 
veriety of conditionse -rrrtial drying. end xlesmolysis save 
eradictenh yields of motile sperm after vitrification by 
liquid nitrogen. 


Parkes, lie + . 
1945. reservation of Numen Spermatozoa at. Low 
Temperatures. Brit. lieds Js, 23212213. (National 
Institute ter wedieal Mesearech, Hampstead.)s 


This paper ctilin Eebpidevehla xavier data concer: ing the: 
preservation of spermatozoa at low tenneratures following 
which the author conducts some experimentel work on the 
ssubject. His conclusions are as follows: (1) A large 
proportion of human svermatozoa survive for Long neriods. of 
time in semen frozen in buik at -1969C or «79°C. (2) 
Spermetozoa do not survive when minute amounts of seman are 
frozen as films or in fine capillary tubes. (3) The rate 
of freezing and thawing is not the primary factor in the 
surviwel of human spermatozoa exposed to low temperatures. 
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17. Shaffner, Ce Se 
1942. Longevity of Fowl Spermatozoa in Frozen Condition, 
Seience, 962337. (Poultry Lepartment, rurdue, University.) 


In this paper the suthor cites evidence of the preservation of 
life in monocelluler organisms by storage et low temperaturese 
ention is m:de of a technique for vreserving chicken sperm- 
atozoe by storage at low temperatures, ‘esults of. experiments 
using slirht modifications of the originel technique indicate 
thet time is not an importent factor in the retention of 
motility within the first year, when fowl semen is held con= 
stontly at the tenperatvre of solid carbon dioxide. 
©vermatozoa have been maintained at a temperature of dry ice 
(~79°%C) for 14 months. Little, if any, difference could be 
noted in the percentage of cells that regained motility be- 
tween samples thawed immediately after freezing or those 
‘thawed after 14 months storage. 


Unmated hens producing infertile eggs were inseminated with 
semen that had been frozen at -79°C end thewed an hour later. 
Of 48 eggs vroduced by these hens efter insemination 12 were 
fertile; however, in no case did the resulting embryonic 
development proceed for more than 10 to 15 hours, as de- 
termined macroscopically. 


18, Shettles, L. 3B. 
o 1940. The Respiretion of Human Spermatozoa and their 
Response to Various Gases end Low Temperntures. Ams Je 
Physiol., 128:408+415. (Devt. of Obstetrics, Johns: 
Mopkins. University and Hospitel.). 


To ascertein whether human spermatozoa could be resuscitated 
after exposure to -79%Cs, different samples serene one 
hour old were placed in a bath ‘et this tenpereture. A column 
of undiluted semen wes drawn up into thin-welled capillary 
tubes with an internal diameter of approximately 0.2 mm. 
After the ends were sealed, the tubes were instantly immersed 
into alcohol cmwled with dry ice. After five minutcs at this 
temperature, the semen wes thawed by placing the tubes into 

a water bath at 37°C, Ten minutes later the serer, was exemin- 
ed for active spermatozoa. To observe the effect of much 
greater depressions of temperature, the preceding experiment 
was repeated with liguid nitrogen and Liquid helium (196°C 
and =269°C), In order to study the effect of prolonged ex- 
posure to low temperatures, specimens of semen one hour old 
were kept at -79° C for one month and in some instences for 
more than two months. In these tests, capillary tube pree 
paretione were thewed by placing them in a bath at 20° and 

37°C « : 
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The spermatozoa resuscitated in these experiments appeared to 
be in good morphological condition, and those which regained 
their motility eentinued sctive for several hours, After 

freezing plus drying the morphology was BEeagrwens but there 


was no resuscitation.e 


The rate of respiration of human spermatozoa varies inversely 
with the age of the specimen and directly with the number ef 
cells ner unit volume. No oxygen is consumed by semen devoi d 
of spermetozeae The respiratory quotient of humen spermatoaoa 
varies inversely with the ese of the svecimen and directly 
with the rate of oxygen consumption, indicating a shift in 

the metabolites being oxidized. The ege of the svermatozoa 

and the number of cells per unit volume may not be the only 
fastors involved in the consumntion of oxygen, for the re- 
sults indicate that individual variation is also a factore' 


Bpown, Ue and Landis, le - 
1946. The *tffect of Cold on Capillary Perneahility and 
Fluid ifovement in the Froge Biol. Bulle, 912236. 


Micromanipulative methods were used to study the reletionship 
betwee cepillary blood pressure and the rate of movement 
through -the wells of single capillaries in the frogts mesentery 
at 22.5 - 25.5°C and between =-2 and plus 2°C. Cooling de~ 
oreased capillary permeability, reduced the observed rates of 
filtration end increased the observed rates of absorption. 


The effects of cold on the capillaries of the frog differ 
from those observed in mammalian capillaries because the 
former become less permeable at a", whereas the latter 
become more vermeable as the temperature falls below 10°C. 


‘However, actual freezing of the frog's capillaries at temp- 


eratures of -5° to 46°C increased the capillary permeability 
conspicuously, as shown by the appemzrance of stasis after 
thawing. If the duratien of actual freezing wes brief, this 
stesis usually disanpeared within a few minutes as the 
capillary wall regeined its normel relative impermeebility 
to protein. 


Luyet, B.- J» and Thoennes, Ge. 
1938. The Survival of Plant Cells Immersed in Liquid 
ir. Seoience, 88:284=285 (Dept. of Biology, St. Louis, 
University.) 


Lfter a review of the literature concerning the survival of 
plants and animals exnosed to extremely low tenneratures, 

the authors conclude that two kinds of organisms oc support 
an immersion in liquid air; first, those which resist previous 
drying (seeds, spores, protozoan oyste, tardigrades, and 
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nematodes} and second, those whieh do not exceed a few micra 

in size (bacteria, yeast, monocellular algae, and flagellates 

of the type trypanosome). The authors suggest that. their survival 
might be due to the facet that er does not crystallize in these 
organisms. 


After studying vitrification th’ eclatin gels the authors make 

the following conelusionss €1) Gelatin gels containing 37 to 

90% water. can. be brought into the vitreous state by sudden im-— 
mersion in liquid airs. (2) Thethickness of the vitrifiable 
layer decreeses with increasing water content, .extending from 

0.3 mm to a few micra when the water content varies from 50 to 
90%. (3) Those temperatures at which the material crystallizes 
cover a range of some 15 degrees |(from 0°C to about -15°C); 
crystallization takes place either during ea cooling from the 
atmospheric to a sub-zero temperature or during a warming from 

the lower temperatures to above -15°C. (4) The possibility of 
obtaining the vitreous state depends primarily on the velocity 

of crystallization -~ pure water could not be vitrified on 

account of its excessively high crystallization veloci:;, while 
gelatin gels are capable of vitrification in proportion to the 
slowness of their crystallization, that is in proportion to their — 
gelatin concentration. (5) The vitrifying procedure consists 
essentially in cooling rapidly enough to bring the temperature of 
the material across the zone of crystallization temperatures before 
the ice crystals have time to forme. 


After: experimentation with onion epidermis the authors conclude 


that to save the cells from disintegration one must dehydrate them,.- 


cool them rapidly, and finally warm them rapidly. This suggests 
that the disintegration of protoplasm subjecved to extremely low 
temperatures is due to crystallization and thet eny method, such 
as vitrification, which prevents crystallization, rievents pectoe 
plasmic disorganization. 
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DIVISION IV. 
SOE ASPECTS OF COLD ON HIGHDR ANT WLS. 


le. Carrel, A. 
1910. Latent Life of /rteries. J. ixper. iied., 12: 
460-485. (Laboretories of the Rockefellar Institute for 
Hedical lesearch, New York.). 
t 


"VIhen a segment of artery, killed by heat, formalin or 
glycerin is transplanted, it undergoes a rapid degeneration. 
Its muscle fibers disa»pear while the tissue of the hast 
reacts by building a new wall of connective tissue. When 

the transplanted vessel has been preserved in a condition 

of latent life, no degeneration of the wall occurs, or the 
wall undergoes only partial degeneration.» The muscle fibers 
can keep their normal apnearance,.even for a long time after 
the operation. It is, therefore, demonstrated that arteries 
can be preserved outside of the body in a condition of un- 
menifested actual life." 


~ 


“The best method of preservation consists of placing the 


vessels, immersed in vaseline, in an ice box, the tsmpereture 
of which is slightly above the freezing point." 


Ra: Cerrel, Nhe 
1912. The ’reservation of Tissues and Its Application 
in CUTLELYe we Re 2a he, 59:523~527. : 


In this padsr the euthor concludes; “The results obtained by 


Tuffier, ‘iagitot and myself demonvtreted cia hymen tissues 
preservec in 3cld storage could 6: ised in himuan sureectys 
Future invectigescrs will show in wier pisalavs tissues of 
infants should be employed in grsits:. ois crafts sov'.d easily 
be taken in large quantities from the fear socavers ot 
fetuses and infants, and preserved in petro.aam and in cold 
storage. A suprly of tissues in latent ii%s wour.d be cone 


stantly reedy for use and the tubes containing the tissues 

could even be sent, in small refrigeratous of the tyne of 

vacuum bottles, to surgeons who would naod them. It would 
simplify very much the transplantation of skin, bone, pveri« 
osteum and aponeuroses, which are more and‘more used in. surgery." 


3.. Brooks, RB. and Duncan, G.. 
1940. The Effects of Temperature on the Survival of 
Anemic Tissues. Ann. Surge, 112:130-138. (Dept. of Surgery, 
Vanderbilt Univerxéity, iJashville, Tenn.)« 


These workers an»lied a constant pressure (130 mm. of Hg.) 

to produce complete anemia in the tail of rats. After deter~. 
mining the time-pressure factor to develop gangrene, they 
applied varying temperatures between -5°C and 40°C for 
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wariable periods to determine the effect ef cold om survival 
ef the tissue (gangrene béing the measure of failure}. 
Their results ingidate thet es the temperature was reduced 
from 40° tea 1°C the sressure could be maintained tonger 
without the production ef gangrenes Using -5°% (freezing) 
gangrene invariably ensued. As 2 corollary, however, micro= 
scopte study often siowed fibrosis in muscle and bone of the 
tissues which did not beg¢ome actually gangrenousa 


3940. Observations on Orelonged Human Refrircratione« 
New York State Ja liedicine, 40s135I-3354.. 
ffemplé University liedical Sehoat«}e 


In this paper the first observations in generel refrigeration 
in the human being are presented. Human body temperature can 
he repeatedly and successfully reduced to around 80°F (rectal), 
and the patient observed for many hours (up to eight days} 
without susequent abnormal effeets. 


In terminal eases of generalized carcinomatosis, death from 
earebral edema and cardiac failure was noted in approximately 
I& percent during or foklowing generalized refrigerationa« 
Temporary and prolonged periods of relieftef pain were noted 
in almost every instance. ‘| ithdrewel of nereotics was there- 
fore pessibke. Na definite regressive changes in undif= 
ferentiated cell growth were noted in deep metastatic lesions 
following generalized refrigeration. Temporary inprevement 
frequently occurred. | 


Smith, L.'.« and Fay, Te 
1940. Observations on iiuman Reins with Cancer, laine 
tained at “educed Temperatures of 75 to 90°F. ‘me de 
Cling Sath., 1Os-I£Temple University ‘choot of ‘iedicine, 
PhiladelIphie, -enn-).« ‘ 


It has been shown previouslig by Fay and coworkers that the 
opokonged loeal application of temperatures ef 40-50°F. to 
humen neoplastic lesions resulted regularly in the rekieft 
of pain and in reduction of the size of the tumor. 


*The present studies have brought out the faet that patients 
can. be maintained for perieds as long as five to eight days 
at tenpereture levels in the eighties; that relief of vain 
cen be regulerly enticineted for periods ranging from a few 
deys to as long es five gonths, and thet regressive changes 
im young embryenel celis, particularly im earcinomea takes 
plaee es & resukt, we believe, of Lowered physioktogical 
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ectivity, interfering with the metabolism of these cells. 
These studies indicate that the entire body economy is . 
reduced, that the circulatory rate and blood flow are slow= 
ed, and that the liver is in a relatively dormant and in- . 
active | state. -as shorn by the low nitrogenous analyses of 

the blood." « 


Allen; F. “Sa Oe : 
1944. . Theoretical and Experimental Aspects of Surgical — 
2efrigerat ion. ¢ Canad ° hie AA a oJ e». 61 2220-226 e- 


This. paper is ectually a reprint of an address before: an 
assembly of surgeons. " "although cold is instinctively dreaded 
asinimical to life, many orgenisms are known to tolerate ex-= 
tremely low heniberétures< Examples are the freezing of 
becteria in liquid helium at -450°F and of yessts at -300°F 
without apparent injury. Concievably,*some organisms oan be 
thus preserved ina state of suspended animatian so-as to 

be practically immune to the passage of time. Living becteria 
are said to have been recovered from inside the trunks of 
mamhoths frozen for thousands of years in the Siberian ice; 

and there is the ‘rrhenius speculation of pansperrm:-’, according 
to which the first germs of life may have been cerried to this. 
plenet through inconcievably vast time and svace at the lowest» 
limits of cold." 


"The tolerance of higher organisms for reduction of body 
tempereture is known to vary widely. Some fish can survive 
freezing in a block of ice. Many cold blooded species and 
the hibernators emong warm blodded species can endure long 
periods of reduction almost to freezing. The non+hibernating 
species react to cold with vasoconstriction, shivering, and 
other complicated reections governed from hypothslamic centers, 
the purpose of which is to maintain body temperature. The 
overtaxing of these defenses leads to exhaustion, and even 
shock, but Fey s owed how these reactions can be minimized by 
sedation and repid cooling so as to produce @ prrtial imitation’ 
of hibernation even in. the highest species, including man. . 
etabolism, circulation, and other vital functions-are not 
reduced ss low as in true hibernation, and the tolerated. 
temperatures are not as low.” 

- 
"Acute fatality from cessation first of resviration and then 
of heart action occurs at certain critical temperatures, rang-. 
ing from 13 to 14°C for the rat to 22°C for the dog. Human. 
beings were shown by Fey to wa cnetend several deys of rectal 
temperature around 24°C or 74°F, Torpor end the slowing of 
all physiological processes by cold are characteristic of many 
poikilotherms, such es the amphibia; and of all higher species 
in natural or artificial hibernation; but- another cless of. 
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poikilotherms is exemplified by fish such as the trout and © 
salmon, which ere intensely active in icy water. Their proto« 
plesm is evidently geared so that their organs and nervous 
systems funetion normally at temperatures near freezing, and 
in such species the blocking of nerve impulses by cold is 
evidently impossible." 


Blackwood, * + ) 
1944. Injury from xposure to Low Temperrtures: ~athologye 
Brite iie Sull., 221384141. 


This paner discusses the ty»xical pathologic lesions resulting 
from immersion foot and frostbite. In immersion foot, cold 
(10°C to -1.9°C) and prolonsed moisture ere the yrincipal 
etiologic features- In frostbite, cold (about -5°C) alone 
ceuses crystallization of tissue fluids, rupture of cell 
walls and death of the affected tissuee ‘n excellent diseuse- 
sion of the typical lesions of these two states is included 
in the papere 


Feild, Je. ct em and Hall,. Ve Le 
1944.. Physiologic Effects of "Neat and Cold. nn. “ev. 
Physiol. 6969-94.. (Dept. of hysiology, Stenford, University) 


This peper is of # general review type which discusses the 
effects of heat and cold on the humen body from the viewpoint 
of physiology, medicine, and surgery.’ 


Allen, F. I. ie 
1945. Broader ‘speets of 'efrigerstion anesthesia. 
Current Researches in ‘nesth, and nelg., 24:51-65. 


This is a most interesting review type article which summarizes 
much of the effect of cold on embryonic tissue, skin graft 
tissue, and isolated portions. of tissue including carcinoma 
cellse An interesting compsrison of the effects of cold on 
isolated tissue as compared to the effects of cold on portions 
of tissue still attached to the livin. orgenism is mode. 

The following statement seems worthy of inclusion in this 
reviews: "A uniform law is perceived governing the behavior 
of the entire body and its local parts. Teduction of temp- 
erature fixes en inexorable time limit for the survival of 
the body or any part of the body of a,warmeblooded species: 
But within these survivel limits, the fall of temperature 
itself mey be less harmful than the unsuccessful struggle 

to prevent fall of tenperature. Yust as sedetives and the 
other techniques of Fayts “artificiel hibernation” vourpose- 
fully facilitates the fall of body temperature and thus pre- 
vents the fatal exheustion which results from overtexed bodily 
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defense reactions, so likewige separation frem the body by 
knife or tourniquet abolishes the local mechanisms of break= 
down of those mechanisms. SMerefire, the local effects which - 
have been universally attribyted to cold are not the result 
of reduced temperature but f the break-down of the defensive 
function. Corrspondingly, the first signs of injury are 
functional, and it is obvious that only when this functional 
derangement reaches a certain extreme degree do organic lesions 
follow." i 
Crossman, L. W. end Allen, Lie 
1945. Principles of Surgical and Therepeutic kefrigera- 
tion. Surg. Clin. N. Aw, 25:361-370. (Surgical Service 
of the City Hosnital, ‘\elfare Island, New York.). 


This is a general discussion type paper which is based upon 

the wide experience and experimeritation off the authors. "All 
life is conditioned to a comparatively narrow range of temp- 
erature, as regards both optimum function and survival. The 
variation upward is most limited and absolute; even the most 
thermophilic microorganisms withstand only comparatively slight 
temperature elevations, and plant and animal protoplasm is 
killed even more quickly and positively. The range of tolerance 
for reduced temperature is far wider, and in general the 
lethal effect is slow end there are more intermediate grades 

of injury. The formation of ice crystals or any other physical 
changes occurring at the critical point of cold are by no means . 
as acutely or irreparebly fatal as the coagulation of protein 

or death of enzymes which occur at the critical point of heat. 
Between the level at which function presumably stops and thet 

at which death or irreversible changes occur, there is a zone 

of low tempereture which is particularly wide for the lower 
organisms, but even in the highest snecies it contrasts de- 
cidedly with the abrupt limit of heat." 


"It appears theoretically probseble that life can persist at 
absolute zero, judging by the intact survival of some primitive 
organisms at the lowest attainble temperatures, within a few 
degrees of absolute zero. Spores are generally regarded as 
most resistent. The active forms of some but by no means 
all bacteria, protozoa and algae can withstand similer temp- 
eratures. It remains to be proved whether time is thus 
abolished; i.e., whether with absolute chemical standstill there 
is immortality at absolute zero. For some ebganisms the time 
factor evidently remains potent at minimum temperatures, for 
they withstand liquid hydrogen for minutes, days or weeks but 
not indefinitely. Some varieties are resistant whether wet or 
dry, but the vegetative forms of bacteria furnish exauples of 
great resistance in the dry form and death or attenuation by 
freezing or repeated freezing and thawing in liquid cultures." 
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“The general rule, sugject to occasional exceptions, is 
that resistence to low temperature diminishes as animals 
and plants become more highly organized." 


Hemingway, Aa 

1945. Physiologic i.ffects of Neat and Cold. Ann. 
Rev. Physiot., 7:163-180. (AAF School of Aviation 
Medicine, Randolph Field, Texas.). 


In frostbite there may be ndhiad freezing to the extent 
that crystals of ieo Form in the tissues; in immersion 
foot there is damage to tissues without actual freezinge. 


Onte a tissue has beeh badly frozen with ice crystel 


formation taking »olace that vissue has been irreperably 
damaged. 


Horvath, S. Me. and Freedman, A. 
1947. The Influence of Cold Upon the Ffficiency 
of Mane Ja Aviat. -ed., 18:158-164.. (Armored 
Medical Kesearoh Laboratory, Fort Knox, Kentucky.) 


Reaction times to visual stimuli were not altered during 
continuous exposure of volunteers to a low environ- 
mental temperature for veriods of 8-14 days. 


Dexterity of the fingers and hand strength wes merkedly 
diminished by exposure to low ambient temperatures e ven 


when the duretion of such exposure was for a relatively 
short period of time. 
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DIVISION Ve. 
PUBLIC. HEALT# AS “ECTS OF FROZEN FOODS. 


Jorden, Es. Ov. and Burrows, i. - | 
1955«, The Production of Enteratoxic Substent b by 
Bacteria. J. Infect». Dis,, 57121-1286 (Depts 
of 'ygiene. and ahiainat: a University of Chicago.}« 


This p.per generally reviews enterotoxin production by 
bacteria. The authors disouss the enterotoria properties. 
of Staphylococei and the diffiguity encountered in re= 
storing these properties once they have been lost. Some 
strains of alpha end beta Streptiococci are able to 
elaborate enterotoxins; the authors note that this pros» 
perty can sometimes be stepped wp by repid transfers on 
Starch. Certain Proteus streins,. grown under suitable 
conditions (verl infusion agar slants to which has been 
added 1% sucrose and under an atmosphere of 25% carbon 
dioxide) are able to produce a toxic substence which 
causes symptoms of food poisoning in susceptible monkeys. 
Yorkers have established at least one strain each of B.. 
coli and A« agrogenes. that produce toxic substances when 
fed to monkeys« From time to time various workers have 
mentioned Serratia marcescens, Bacillus subtilis, and 
other slow lactose fermenters as possible etiologic 
agents in outbreaks of food poboning.. By the use of 
rapid transfers on starch medium, enterotoxic productions 
has apparently been proved in the base of some Salmonella 
eertryche (typhi murium) strains. 


Hess, He. Be 
1941.6 Ouick Frozen Foods. (il. Surgeon, 89:638—' 
647. (Veterinary Corps., U. S« Army«)« 


This article presents a good editorial type discussion 
eoncerning the effects of ice crystal size on the auton 
lysis of fish and meats, The author concludes that the 
smaller the si,e of the ice crystals the less the demage 
to the meats.~ Small ice orystals size in frozen meats 
is obtained by reducing the storage temperatures ranidly 
to the lower levels of freezing.« The author also dis- 
cusses bacterial contaminstion found in processing and 
prevaring the substances. 


Ostrolenk, M. and elsh, He 
1942... The House Fly as a Vector af Food ‘oisoning 
in Food Producing Mstblishments. Am. Je Pub. Health,’ 
323487~-494«% (U.S. Food and Drug /dministretion, 
Federal Security Agency, Division of Bacteriology, 
‘iashington, De Ce ~ 
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The housefly (Musoa domestica) has been incriminated as 
a vector of food poisoning ‘bacterie on many occasions. 
Classical epidemi¢s of food borne infections, such as 
the typhoid fever epidemios among soldiers during the 
Boer and Spanish-American iers, and the widespread 
outbreak of diarrhea in Southend-on-Sea in 1901 were 
traced to the contemination of food by. flies. 


Flies are capable of depositing on food by defecation 
or regurgitation countless numbers of bacteria. Further 
the bacterial flora deposited is largely determined by 
the nature of the food on which the flies feed. Flies 
infected with Salmonella eriteriditis. which came in con- 
tact with sterile pecan meats deposited their pathogens 
on the nuts within a period ‘of only 15 minutes. 


In their experimental work the authors raised their own 
flics under sterile conditions; then fed them diets con- 
teining virulent Salmonella enteriditis taking care to 
prevent surface contamination of the flies by the path- 
ogens. The infected flies were then studied in verious 
procedures; a summary of the results follows: (1) Flies 
fed on food infected with Selmonella enteriditis are cap~ 
able of infecting other flies as well as the food, water, 
and miscellaneous surfaces with which they oome in con- 
tect, (2) Selmonella entcriditis avparently survives 
in the fly for the duration of itslife, approximately 
4 weeks. {%) Transfer of Sclmonelle enteriditis in- 
fection from infected flies to mice and retrensfer of 
the infection from infected mice to flies was success~ 
fully carried out. (4) Fly eggs vlanted in mash in- 
_ fected with Selmonella enteriditis resulted in infected 
maggots, pupee, and adults. 


4. DeFelice, D. 
1943. Freezing Foods. Indust. and Engin. Chem. 
(Indust. Ed.).35:26-28, (New York Arrioulture 
Experimental Stetion, Geneva, New Yorks). 


The paper presents a survey of the frozen food industry 
which places special emphasis on the problems of quality 
of product, palatability, storage, and the like. This is 
not an experimental work. 


Ss Lythgoe, H. Ce 
“1943. Cold Storage of Food. Indust. end Engine 
Chem. (Indust. id.). 35:29-38. (lass. Department 
of Public Health, Boston, iiass.). 


This paper is an interesting editorial type article 
which deals in the main with existing State legisiation 
concerning the frozen food industry. The problem of the 
frozen food industry in regard to the public health is 
—weviewed. This is not en experimental work. 
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Pennington; Me E« 
1943. Conservation of Perishables by lefrigerstion, 
Industé and Ingins Chem. (Indust. Ede), 35262=66¢ 
(MsE. Pennington, 233 Broadway, New York, New Yorkh), 


This is a general editorial type work on the practical 
aspects of the frozen food industry and the possible 
effects of the ware This is not an experimental type 
articles 


Berry:, “Je Ab ; 
1946% Bacteriology of Frozen Foodsy Jm Bects 
51:363% (lestern Kegional ‘esearch Laboratory, UsS,» 
Department of Agriculture, Albeny, Californias )» 


There is a need for standardized methods in the becterie 
ologicel exeminetion of frozen foods, Factors of ‘ime 
portance ere the method of ermpling, preparation of the 
semple, the medium, the time and ths tervsrature of 


incubetion, Tests for specific bacteria, *5 Lssherichia 
coli, are of doubtful velue, since this crzanism, like 


others dies during freezing storage, A divest micro- 
scopic test would seem better as a gauze of the sanitary 
history “ian a culture method: Bacter:clsei3al ¢tend. 
erds fer frozen foods must be. conticsre?, Sut snould be 


1 


based en kamriecse of reasonable vroteduret, 


Cetheert. W. st. and “arker, de d;. 
2945, Defrosting Frozen Foods oy hign-Fyequency 
Heay. Food Research, 11;341~344. 


By using hishefreaquency heat, the constantly annoying 
problem of defrosting frozen foods cen be solved. 
This is vorthy of note for institutions] use. 


Adams, Hoe Se | 
1946, ‘efrigeration in a Food Control Program, 
Ame ‘de Pubs Health, 36:100%1011. 


his ts a general discussion from the viewnoint of the 
sanitarian on proper storage temperatures for veriable 
foods and the effect of ultra violet light on the freeze 
ing storage of foots. Ultra violet light as a bacter-. 
icidel agent has several limiting factors, including 


‘the necessity of a low initial surface contamination. 
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Simpson, J» I- 
1946. Frozen Foods for Ing itutional Usee Je Ame 
Dietet. As, 222661«664, (prema. ‘ood Foundation, 
Int»)* 


This is ean editorial type revigi of some of the problems 
of the frozen food industry with major emphasis placed 
on the problems of qual ity and palatibilitys 


Fitzgerald, Ge Ap ig 
1947. Are Frozen Foods a* Public Health Problem? 
Ame Js Subs Health, 37699701 « (Director, Frozen 
Pood Boundation, Ines’, Syracuse, New York.)}» 


This is an excellent review which deals with the flora 
of frozen foods, the .epidemiology of frozen foods, 
and Industriel control procedurese 


The author states: "In summarizing the work reported, it 
is evident that the bacteriologice! flora of frozen 
foods is very extensive, but of great significance is 
the apparent oresenee of certain very active acid pro«= 
ducing types so that toxigenic or pathogenic types may 
be entirely inhibited during the spoilage process. 

This presumption remains to be unequivocally proved. 

As yet, therefore, one cannot avoid consideration of 


the implications of Clostridium botulinum, Staphylococcus | 


aureus, the Enterococci and 9 Salmonella and other path» 


ogenic types which may contaminate frozen foods." 

(Note the foregoing statement applies to frozen fruits 
and vegetables-) 
“The frozen food industry thus far has failed to 
establish a sanitary code to protect itself and its 
customers." 


"Frozen foods have been remarkably free from suspicion 
of being health hazards both as to enterotoxic food 
poisoning end infectious diseases. ‘n ecid-producing 
streptococous appears to be active during s»oilage, 
souring foods beyond edibility before enterotoxins can 
be elaborated. However, there is considerable nos= 
sibility that pathogenic organisms may survive the 
freezing-storage treatment and retain sufficient via- 
dility to cause infectious diseases. These could be a 
souree of infection in frozen foods of the very best 
quality because the souring would not be present to 
wern the user. Frozen fruits and vegetables which may 
be served in raw salads, could very well be the source 
of infections. These can be controlled only through 
careful sanitary precedures in factories.” 
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“Laboratory methods of detecting the incidence of 
toxigenic or pathogenic strains of organisms are 
presently inadequate, and fro.en foods may momentari-« 
ly be implicated as health hazards. The industry, 
accordingly, has every reason to supvort thorough 
research designed to develop control techniques," 


Nason, Edith He 
1947, Recent Trends in Frozen Foodse Jd» A» 
Dietet, \4,23:318-321. (Professor of Foods and 
Nutrition, Syracuse University, Syracuse, New 
Yorks)» 


This paper presents an interesting editoriel type ree 
view of meny of the teehnical problems which face the 
frozen food industry, The problems of freezing time, 
storage temperature, proper selection and treatment 

of food before freezing ere discussed, Bueteriologicsal 
aspects of the problem are discussed at some length, 
correlating this problem with thet of quality product 
and palatability, The potential problems of food 
peisoning and spoilage are discussed, 


Knox, Re and Walker, Je 
1947, Bacteriologicel] Investigation of the 
Washing and Sterilization of Food Containers. 
Jy Hyge Lond,, 45¢251-158. (Iimergency Public 
Health Laboratory, Leicestcr,). 


This paper gives strgng evidence of the need for 
thorough washing and steam sterilization of food 
containers end utensils in large eating establishments. 


Jordan, E. O., Dack, G. i-, and 'ollpert, Oram. 
1931, Effect of Heat, Storege and Chlorination 
on Toxicity of Stephylococous Filtrates J. Prev. 
.0de, 5:383-386, (Dept, of Hygiene and Bacteriee 
logy, University of Chicago.), 


The toxic substance present in Staphylococcus filtrates 
eausing gastrointestinal derangement is not completely 
destroyed by exposure for 30 minutes to the temperature 
of boiling water, Some diminution in toxic power may, 
however, possibly be caused by heating, even at tempe 
eratures below 100°C, Similarly the toxic quality does 
not disappear after storage at a low temperature for 

as long as 67 days, but is perhaps somewhat weakened, 
Cantect for 3 minutes with a rether strong dose of 
ehlorine did not destroy the toxic quality. 
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15.: McCastline, i. B., Thompson, R. and Haiee. He lis 
1937. A Food Poisoning Outbreak Due to Staphylo- 
cocous. — Je Racte, 33:50-51. (Columbia University], 


These workers report en outbreak of food poisoning in 

Sl persons in @ college dormitory. The source was ap= 
perently icecream custard. Bacteriological exsmination 
of the two flavors served showed total bacterial: counts — 
of 4 and 10 billion respectively. In each case Staphyle- 
cocci accounted for 99.5% of the organisms + ‘Two strains 
were isolated. -Cultures identical with the two strains | 
were isolated from two food handlers. : - 


16. Jones, As 4. and Lockhead, re Ge. " 
1939. i Study of ilicrococei Surviving in Frogen 
Pack Vegetables end Their Enterotoxic Properties. : 
Food "esearch, 4:2030216. (Division of Racteriology, 
Seience Cervice, Dent. of Agriculture, Ottewa, 
pare rts 


In the course of earlier investigations, these authors 
noted a marked variability in resistance to prolonged 
freezing by organisms normally found in frozen pack 
vegetables. It was shown that ‘licrococei (including | 
Staphylococci) survived freezing much better than other 
groups so that they comprised a much larger percentage 
of the orgdénisms in the frozen as compared with the 
fresh pack. The present study was undertaken to deter- 
mine whether strains of microcooci isolated from frozen- 
pack vegetables were of the food poisoning tyne, and to 
note whether frozen-pack vegetables provide a suitable 
medium for their growth and development. 


In their Grwetiestione of frozen-pack vegetables, five 
vegetables (asparagus, spinach, pees, beans and corn) 
were studied. The vegetables were carefully washed and 
blenched in boiling water and the cooled and held in a 
freezer at -17.8°C for variable periods of time (up to 
30 weeks)» Of the colonies selected for study in the 
various packs, icrococci formed from 2-5 to 85.8 %- 


The investigators next studied the detection of siden 
toxic strains which they had isolated from frogzen-pack 
vepetables. Of the 50 strains of ilicrococoi from frozenr 
_ pack vegetables (representing 980 isolations), twelve 
strains were positive (representing 411 cultures dsoleted.) | 
All of the vegetable products tested were shown to harbor 
one or more strains eapable of elaborating enterotoxio 
substance when grown in a semisolid medium in an atmosphere © 
of garbon dioxide and air and tested by the pipette fee d- 
jing method. All oultures whieh gave positive reactions 
with kittens ee. lactose end mennitol weal vreme> 
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‘5, - MeCastiine, W.'Ba, shah cia Re'and Isaads, M. Li 
19374 A Food Poisoning Outbreak Due to »* aphyle-. 
ceccuse Je Bact, 35:50-51. (Columbia University}. 


These workers report an outbreak of food poisoning in 

51 persons in @ college dormitory. The source was ap- 
perently ice cream custard. Bacteriological examination 
of the two flevors served showed total bacterial counts 
of 4 and 10 billion respectively. In each case Staphyle- 
cocei accounted for 99.5% of the organisms. Two strains © 
were isolated, .Cultures identical with the two strains 
were isolated from two food handlers. 


16. Jones, A. H rf, and Lockhead, A. G. | 
1939, i. Study of ilicrococei Surviving in Frogen 
Pack Vegetables end Their Enterotoxic Properties. . 
Food “esearch, 4:203-216. (Division of Racteriology, 
Science Service, Dent. of Sgriculture, Ottewa, ~ 
Conade.)- 


In the course of eerlier investigations, these sithovk: 
noted a marked variability in resistance to prolonged 
freezing by orgenisms normally found in frozen pack 
vegetables. It was shown that ilicrocoeci (including 
Staphylococci) survived freezing much better than other 
groups so that they comprised a much larger percentage ° 
of the organisms in the frozen as compared with the 
fresh pack... The resent study was undertaken to deter- 
mine whether strains of micrococci isolated from frozene 
pack vegetables were of the food poisoning tyne, and to 
note whether frozen=pack vegetables provide'a s.itable 
medium for their growth and development. 


In their investigations of frozen-pack vegetables, five 
vegetables (asparagus, spinach, peas, beans and corn) 

were studied. The vegetables were carefully washed and 
blanched in boiling water and the cooled and held in a 

freezer at -17,8°C for variable periods of time (up to 

30 weeks). Of the colonies selected for study in the 

verious packs, ‘icrodocci formed from 2.5 to 85.8 %- 


The investigators next studied the detection of entero- 
toxic strains which they had isolated from frozen-pack 
vepetables. Of the 50 strains of ilicrococoi from frozén- 
pack vegetables (representing 980 isoletions), twelve 
strains were positive (representing 411 cultures bsoleted. ) 
All of the vegetable products tested were shown to harbor 
one or more strains capable of elaborating enterotoxio 
substance when grown in a semisolid medium in an atmosphere 
of oarboh dioxide and air and tested by the pipette fee d- 
ing method. All cultures which gave positive reactions 
with kittens fermented lactose end mannitol sugar broths. 
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Results indicate thet in both unfrozen and: frozen*lots, 
Staphylococci. of the food poisoning type may develop 
rapidly provided the products are held et room tenp- 


erature. On the other hand, growth is inhibited at 
the temperature of the electric refrigerator. . Staph- 
. ylocoeci filtrates containing enterotoxic substance 


were held in ean electric refrigerator at 4°C for 2 


‘months’ to determine whether this temperature had any 
effect -on its potency. iiesults from tests-with 6 


cultures ‘showed ‘that the enterotixie capacity was 
“impaired little or none by holding at this tempereture. 


Gilcreas, F. ‘1. and Coleman, If. B. 
91941. Studies of kebaking ilethods for Cream-filled 
Pastries. -A. J» Pub. Health, 31:956-958. (Division 
of Laboratories and “esearch, New “fork State Dept. 
of Health, Albany, New York. }. 


- These workers conducted ‘an experiment to determine, 
(1) the. time and temperature of reba king necessary 


‘to render non-vieble an enterotoxic strain of »tanhe 


~_ ylocoeous in custard filled eslair shells, end (2 


the palatability of rebaked eustardfilled doleirs, 


‘ghocolate cream: pie, and Boston cream pie. » The in- 
-oculum used was a strain of Staphylococcus. aureus 

from an infected wound of a baker which had produced 
-food poisoning and which produced a positive kitten 
test. oppples were baked for 15, . 20, 30, end 40 minutes 


at 216 ~ 220°C. 


The results obteined are as follows: (1). Bacterial 


“gounts showed the presence of from 200,000 to ‘over 


 B,000,000 becteria ner ml. immediately before ‘the shells 


‘were filled. (2) In the filling from eclairs that had 
“been treated for 15:-minutes or longer, no viable Staph- 


ylococei were demonstrated either immediately after 
cooling or efter they had remained at room temperature 


overnight. Heating lenger’ than 20 minutes was found 


impractical as the shells became definitely toasted; 


besting for 30:minutes produced cherring, (3) The 


rebaking of eclairs, chocolete cream pie, and Boston 
ream pie for 20 minutes at 216 C did not impair the 


‘appearance or palatebility of the pastries. 


The authors conolude that the edoption of this procedure 
in bakeries should reduce greatly the incidence of food 
poisoning induced by the enterotoxins of Staphylococai 
in eustard-filled products. 
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Segalove, M.-and Dack, G. M. 
1941. Reletion of Time’ and Temperature to Growth 
end Enterotexin Production of Staphylococci.» Food 
-Research, 6:127-133.. (Dept... of Bacteriology and 
Parasitology, Utlversthy of. ‘ChseRE My: Chicage}. 
Illinois.) 


In-this peper the authors tabulate some 18 outbreaks: of. 


Staphylocoesie. food poisoning reported in the literature 
in which the imcubation time and temperature of ine- 


cubation are indicatede.. 


In their experiment Staphylococcus aureus strain 161 was 
used. Small Macaca mullata monkeys were used as test 
animals... Vomiting was considered the indicetion of a 
positive testoof interotoxin formation. To determine 
the rate of multiplication of the test strain at various 
temperatures, plate counts were made from cultures 

grown aerobically in broth or under 20%; carbon dioxide 


en semisolid veal infusion agar, with the result that 


the test strain grows well at 37°C and anparently not 
at all at ice box temperatures of 4 - 6.7°C.. 


The results of their experiments are presented in a 
table; however,the pertinant data is as follows;. 

(1) ‘Cultures inoubeted at 37°C- for 12 and 24 hour, 
periods gave positive reactions when fed to monkeys in 
50 c¢ amounts.. (2). Cul#ures incubated at 20 to. 23.5°C 


. for 3 and 7 day periods geve one nositive reaction out. 


of a possible 11 when fed to monkeys in 50 cc. amounts. 
(3) Cultures incubated at less than 20°C: gave con- 


sistently negative results when fed in 50 cc amounts. to 


monkeys. (4) ‘:hen- filtrates were given-to.monkeys by 
intravenous injection (lee per kilo. of body weight) 


one positive out of a nossible 3-was obtained after in-~ 
cubation: at 18°C. fora: period of 3 dayse. 


Cathcent, W. Ha ond “erz, As. 


(1942. Staphylocoeci end Salmonella Control in. 
Foods. III.. ‘ffect of Chocolate-and Cocoa Fillings. 
on Inhibiting Growth of {.taphylococoi. Food Re». 
search, 7296-99, (Research Dept., Am. Insts of 
Baking, Chicago, vibenedas )»: 


‘The growth of Staph lococcus sureus’ was found: to be 
- effectively inhibited by fillings made with natural 
chocolate and natural cocog, according to a formula 


presented in this papers. The inhibitory action wes 
assumed: to be dus, at least partially, to. the pH of . 
the filling. The main inhibitory action, howeyer, appear. 
ed to be due to a substance or substanced contained in 


' the ‘non fat pert of the chocolete or cocone. 
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20. Jensen, ‘ Be 
1944, Prevention of: deoteriel Poisoning by Faod 
Preservation iiethods, J» Ae Vets. iis As, 104: 
63-65, (Research Laboretory, Swift: end eiediiiia 
Chicago, ‘Hitinois,), 


*Staphylooocei must grow #f icniihinerteatian between 60 » 
115°F for a period of 4 to 8 hours in order to produce 
enterotexin sufficient to produce gastrointestinal 
symptoms.” “There are indications that quick freezing — 
of foods and holding of these frozen foods (fish, meat, 
poultry, eggmagma, eta.) ‘at specific ranges below 30°F 
may effect a substantial reduetion of various bacteria, 
In storage of naturel ice, we have shown that most 7 
becteria die off rapidly, and naturel ice stored for a 
few months is safe even though the originel water con- 
_ beained intestinal pathogens, Colon bacilli in ice are 
killed most: rapidly between 80 and 20°F, whereas, at 
~100° Fr, destruction is very slow aécording to Haines." 


21. Gross, Ce Es and Vinton, ee ; 
1947, Thermal Death Time of a Strain af Staohyloe 
coccus in ieat. Food esearch, 12:188-202. | 


The principle significence of this article in this. review 
is that the authors point out the reletive heat resistance 
of Staphylococei emong the nonsporeforming bacterie. 
{Note: Apparently the range of viability for Staph- 
ylocosei is quite wide.). 


22. Bernstein, H. S. and Fish, BE. S- 
1916. Food - oisoning by the Bacillus Paratyphosus 
- Be An Loidenie Tue to the Orfanism: TsoTeted From 
Pian da.As He Aa, 662167171, 


These authors teppr¥ a food noisoning epidemic in July 
2915 in Westerly, Khode Island and neighboring townships 
of Connecticut in which some 60 persons were infected, 

4 of whom died, Symptomatology in this outbreak inceluded 
epigastric pein, burning from the fauces to the stomach, 
thirst, spasmodic contractions of the calves of the legs, 
vomiting, diarrhea end tetenus, high temperature and © 
mental depression. The 6tiologic agent is reported as 
Bacillus paratyphosus B. The vehicle ia reported as pies 
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23, Sewell, E. P. Smith, E. Bs, and *riestley, A. He 
1920. An Outbreak: @f Food Poisoning in e General 
Yosvitale J. doy-  irmy Med. Corps, 343510-528 (Nov 32 
General tesvital, Port Said, Lcypte)s~ 


This paper reports a violent outbreak of food poisoning in 
Pert Said, Heypt in January of 1917. Some 473: men developed 
symptoms of whom 3 died. Symptomatoteczy included shivering, 
headechs, generélized aches,:sramps, dismrhea, and vomiting. 
In the most severe oases, dehydration and toxic symptems 
followed. - Bacillus: suipestifer A was isolated from meny . 
“of the: eases. The epidemic was traced to tepices pudding 
‘and: tea (which contained mil). The milk wes the probable | 
souree of the infection. “T he milk wes a powdered product. 


24. Salthe, O. and Krumwiede, €.— 
1924. -Studies on the Paratyphoid=-Enteriditis Groupe 
VIII. An Bpidemic of Food Infection Due to a Parak . 
typhoid Bacillus of Kodent Origine Ame.J» Hygey 43. 
23-32 (Bureau of Foods end Drugs, end the Bureau of 
Laboratories, Vept. of Health, New York Gity.). 


The authors report en outbreak of 53 cases of "food poison- 
ing" in April,.1943 resulting from the consumntion. of creem~ 
filled erumb cake and ecleirs (the filling was conteminated). 
The involved bakery was high clegs, clean, orderly and tree 
of flies and vermine ‘The bakery personnel were all. negative 

- gon exeminetion, The offendins organism was proved to. be 
Becillus pestis cavigezthe organism was isolated from rat 

drovxings in tie shop. lone of the sases were very severe 
end no eases were reported. 


1924, Fatal Food Poisoning Due to Bacillus suivestifer 
; Be Brit. led. Jog 2 2807. i 


This paper reports e fatal case of food infeetion with 
_ Becillus suinestifer (aertryehe) in a 43 year old man whith 
was associated with a drinking hout. The orgenism wes. 
' isolated from heart blood, gallbledder, spleen, lerge and 
‘gmail intestine at evtopsy~. — 
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‘26. Demon, 3. Re and Leiter, L. "ls 

| 1927... The Possibility of Human Infection end Ine 
‘toxitation by Certain Organisms of the Salmonella 
“Group. de Rate and Extent of Growth and vhysical 
Changes . 2rodused ‘in Geods by B.. suipestifer, B. 


pestis “gavise, Be san uinariun, and Be. anatume 
Ame de Hyge, 327269. (Dept. 6 of Recteriology of 


of the School of Hygiene and Public Health, Johns 
Hopkins Unayere ty) Baltimore, Marylends}e 


AS n belt of their studies, the euthors make the follow- 
ing self explanatory conclusions; (1) Bacillus sui- 

“pestifer, Besillus pestis saviae, Bacillus senpuinarium 

‘and Bacillus anatwum have been shown to multiply rcedily 
in all types of foods exceot those which have a strong 

. initial avidity» (2) These organisms frow. readily in 
foods at body temperature and at room temperature. 
(3) . Growth of these orgenisme is but slightly retarded 

at ice box te perature. (4) ‘xcltinlication of these 
orgenisns in food under eny conditions offers. such slight 
evidence of infection as to be readily overlooked. 

-(5) Prevention of food voisoning by these. organisms: must 
therefore, depend upon selection of raw »roducts of un~ 
questioned’ senitery quabity, care in the process of pre- 
paration, so as to obviate cont: mination, end finelly, 
preservation under such conditions as will assure e minimum 
of growth in case ‘the food has been conteminated. 


The orgenisms studied were grown in various hosehold foods 
for periods of 24, 48, and 72 hours at. body temperature, 
room temperature, end ice box temperature (10-15°C). 

The increase ih colony counts at ‘10-15°C is somewhat 
amazing ° 


2% Beard, Paul J. and Cleary, Js Ps 


1932 The Importence of Temperature on the Survival 
Time of Bacteria in Acid Foods« Je °rev. ilede, 62. 
141-144. (Dept. of Bacteriology and Lxperimentel 
Patholory, Stenford University...). 


After studies on the intestinal group of.organisms, these 
-puthors conclude thats: “Decreese in temperature allows the 
survival of organisms of the intestinal -group over dengerous 
. periods of time, at hydrogen-ion concentrations rapidly 
: lethal at ordinary i a 


The euthors' ‘wovk is well. sumnariged | ‘in their. three. tables, 
which ere renoroduced as follows: 
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TABLE I > 


SURVIVAL TIMD OF E.- TYPHOSA IN BROTH AT VARIOUS To PERATURES 
IND: HYDROGEN@ION CONCENTRATIONS « 


Strain pH | Hours of Survival at 
375° G «6a ?o #12°C* 
Rawling =» -+==™ 40 3 50. 96 135: 
Kuttner 440 BO 150 120 
Rawling 366 a4 168 108 
Kuttner 855 24 144 108 
*Frogen | 
TABLE 2e: 


SURVIVAL OF OPGANISI(S IN BROTH AT «12°C, 


Organism Hours of Survival at 
PH 460° pH 3.5 
Salmonella enteriditis. 80° 72 
Salmonella schottmulieri 120 60 
Salmonella schottmulieri . 120 72 
Staphylococcus aureus 45- 40 
Staphylooccous albus 45 40 
TABLE 3. 


stab pias OF ORG/ITIS!'S IN ORANGE SUICE 


Organism : Hours ‘of Survival *% 
~4°C. pH 345 
Eberthelle tphosa (Rewling) 170 
ER ECeLsS, typhosa. (Kuttner ) 170 
Shige Shigella dysenteriae (Shiga) 170 
Sa Saimoneila re schottmulleri - 72 


The authors state that this date suggests the possibility 

of infection by this group of ‘organisms in highly acid 
foods preserved only by storage at such temperatures. 

This possibility. of infection is increased by the fact 

that. such foods are frequently served with Little storage -. 
indeed freshness is a selling point.®. 
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Roberts, Jevand tilson, Reve. 
1939,- A Third Vutbreak of Staphylococcal Food Poison-- 
ing in Hemilton, Onterio.. Canad.-Pub. Health ‘Je, . 
30: 590-598. . 


In this outbreak of food »oisoning some 47 households 

were invaded.- The victims suffered abdominel pein, -vomiting 
and diarrhea which lasted from 14 to 35 hours. Every victim 
attended a dinner at a local church. - The menu consisted of 
cold roast pork, applesauce, -beens, potatoes and gravy, 
coconut cream pie, coffee, end cream.  Stanhylococous 

aureus was isolated from the cream pies.- Study of the ~ 


bakery in which the »ies were produced revealed thet the — 


pies were consumed apvroximately 24 hours after manufacture 
and that the incubation: temperature was room temperature. - 
fn enterotoxin was elaborated by the strain of organism 


convicted as the siiologic agent.- Five of the eight bakery 
workers had positive cultures for Staphylococcus aureus 

on nose and throat culturing... Several families outside of 
the church circle were also infested by vies from the same 
lote . 


McCleskey, C. S. and Christopher, W. -N.- 
1941. Some Factors Influencing Survival of Pathogenic 
Bacteria in Cold-Pack Strawberries. . Food hesearch, . 
6:3527-333. (Louisiana State University, Baton Rouge,. 
Louisiana. }e . 


In this paver rather extensive inoculation experiments are 
reported. Certain pathogenic bacteria were inoculated into 
commercial-pack strawberries, frozen in about 25 hours 

and then stored at -18°C The authors summarize their work 
as follows: “Certain pathogenic bacteria inoculated into 
sliced sweetened strawberries and held at ~18°C were re-- 
covered after varying periods of storage as follows; 
Eberthella typhosa, six months; Salmonella Aertrycke -and 
Salmoneila schottmuelleri, one month; Staphylococeus aureus, . 
five months; Salmonella paratyphi was not recovered at any 
time from the frozen berries’... "Eberthella tynhosa ine - 
oculated into unsliced but swestened berries were still 
present in small numbers efter 14 months storage at -18°C". . 
"The use of 50% sucrose as the dilution water for making 
plate counts of EKberthella typhosa in frozen-peck straw~ 
berries made it possible to obtain satisfactory quantitative 
data. Ordinary dilution water and tryptone broth were not 
satisfactory for meking dilutionss". "The death rate of © 
tberthella typhosa in strawberries held at room temperature » 
was very rapid,-such that heavily inoculated berries were 
free of living germs after six hourse- Held at 5°C the deathh 
rate was such that about 98% were killed in one: day, and 
sterility was reached in eight days. - 
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30. Stone, We Se 
1943+ Food Handlers in the Army and Their Relationship 
to Salmonella Food Poisoning, ‘me J. pub . Heelthe, 
332706-708. (Office of the Surgeon General, Preventive 
-edicine Service, ashimgton, D. C.)}. 


In this paper the author points out that in war time and 
during periods of congestion of population, there is greater 
chanee for carriers (food handlers) to transmit their disease. 
In reviewing the ranama Canal Nepartment, the euthor states 
that small outbreaks of food poisoning, diarrhea, and dysentery 
in various commands prior to 1940. In iiay ef 1940 @ careful 
laboratory examination was underteken; in the following six 
montis some 12 food voisoning outbreaks were studied, in 11 
of which various species of Salmonella vere isolsed and 
further «a diredét correlation between food handler carriers 

and the epidemics was noted.- In the course of the studies 
some 2,000 individuals were studied; of ‘these 49 it to 

be cerriers of intestinal pathogens. 


The distribution of intestinal pathogens discovered is as 


follows:= : 
ke 4 9. Ss oranienburg 3 
2. Shigetts (said) 3:10. “S. moneetae 
3. © igella (Flexner) 211. 43. newport 6 
4. = peretyphi B 212. 8S. panama 3 
S. S.- perdtyphi B var. Java.1213. $. give 1 
6. 3. typaimurium eal §.14. a anatum 1 
7. Se derby 215. S. ereehaveleta 1 
8. Se paratyphi 216. S. saint paul 1 


31. ctuert, C. Ae and l.ustigen, Re 
1943- Further Studies on Ohe Type of vearacolon Organ- 
ism. Am. Js Pubs Health, 33;:12323-1325. (Biological 
Laboretory, Brown University, ‘rovidence, Rhode Islend). 


"Por many years continental beeteriologists, including the 
English heave considered the paracolon organisms as a group 
intermediate between the coliform and Selmonella bacterha." 
These workers are of the opinion that sovamrasters of this 

‘ group are pathogenic, some questionasly patuogenie, and some 
definitely non-pathogenic. After OLS e Hiab nee previous 
éxperimental work, the atithors fes]. tha this group could 
be divided into three sections: paraccim hesabaeeien: 
Paracolon intermediates, and paracolcn Escherichia accorde 
ing to their I: VIC pattern. 


‘The authors are of the opinion that biochemical type 32011 
ferobacter offers the best evidence for pathogenicity and 
state that patients listed es “typhoid suspects" sometimes 
yield this strain of the orgenism. This biotype frements 


a 
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glucose, maltose, mannitol, and. frequently salisin in 24. 
hours. lactose and suerese ara fermented slowly or not 
et alk. 


--Gebtens: M. M. and ‘uan, MS. . 


1944. Selmoneila Isolated in Florida during 1943 with 
the Combined Enrichment liethod. of Keuffman. me Je 
Pubs Health, 34:1071-1075.. .(Bacteriologist, Bureau of 
Laborateries, Florida State Board of Health, Jack-= 
sonville, Florida. }e 


In this paper the authors ste that the combined eurichment 
method of Keuffmannn has preved to be excellent for the 
isoletion of Sb hinpaee te from routine feces specimens. .They 
attritute their 164 % , increase in positive Srlmonella find= 
ing to the efficacy of the medium.. The method did not prove 
as favorable for the isolation of typhoid and Shigellae- 


the. authors have continued to find in Florida a wide 


variety of Selmonella types and believe that there occurrence 
is due in part to the large numbers of transient persons 
entering end leaving the state. — 


_ Edward, P. Re and Hughes, He . 


1944. A New Selmonella Type with Hitherto Undescribed 
Somatic Antigens. Proc. Soc. Iixper..4iol. and Med. 


Salmonella inverness, a new Salmonella tyne isolated from 


@ normal food handler is‘described. This organism possessed’. 


a hitherto undescribed somatic antigen and was assigned the 
antigenic formula: AXAVITI — k = 1,6 even 


Schneider, M.- D. 
1945. Isolation of Salmonehla tennessee from Frozen 
Whole and Powdered Ege. Bulle U. S. Army Hed. Nept., 
4:477. (Veterinary Corps, Army of the United States.) 


Four eultures of S. tennessee were iselated from both 
frozen whole and powdered egg with a moisture content not 
exceeding 2%. The evidence established Iowa and iebraska 
as sources of these organisms which so far as is known 
have not been previously reported in the midwestern states. 
The implication is that fowl may, as in the case of many 
other salmonellae, be the source of this type Salmonellaa 
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Gerrard, E. He. on 
1946. Coliform Contamination of. Eggs... Canade Je 
Research, Ce Lette dolall 


Becteriological exeninetioa “of 1080 eggs from. pullorum in--- 
fected ‘hens showed..78. (742%). to ‘be ‘contaminated with coli~.~ 
form. organisms. . No: ooliform organisms were isolated from 
1000. eg8s: laid: by hens: eree from’ nullorum diseases ate 


Stuert, Co Assy Tahoe ‘Fy Ke Vey. re weGann,. Ve 


19464: Further ‘Studies on one Anaerogenic - ‘Paragolon 
Organism, Type 29911. Js Bache, 62:431-438. 
{Biolegioal Laboratory, Brown University, Providence, 
Rhode Island and the Bureau of Laboratories, Con- - 
neticut State. Dept. of. Health, Hartford ,. Comms)» ee 
Type 29911 dul tures present | a peoblen in baxonbniy a. ‘Inéluded | 
in the group are cultures oreviously designated as.an  - 
enaerogenic paracolon tyne (Stuart, '‘heeler, et al., 1943), 
as Bs wekefield- related to the Flexner dysentery organism, - 
as mannitol-negative types of Shigella, as Sachs tvpes B81 
and Bl05. The authors state that the present study. indicates 


that type’ 29911-closely resembles Proteus speciés in their’ © er 


biochemical and IliVIC reactions, their ability to swarm - 

when propefly conditioned, their reaction to: urea, and their 
many minorand occasional major antigens in common with. 
Proteus would call for an extension of the limitations. of 

the genus which in the authors opinion would not be. warrant - 
ed at this time. Apparently type 29911 occupies a position 
intermediate between the Proteus and Ghagehie groupes we 


Conéidetabie evidence hes accumulated to show that ive 
29911 organisms cause gastroenteritis and diarrhea. Aside 
from their own work the sh dale cite the work of Berger, 
Seens, and Geltons 


iixperimental dkiidies with 109 cultures of enaerogenic pare» 
eolon type 29911 “and related cultures reveeled the cultures a 
to be biochemical ty . and serologically heterogeneous. | 


Straka, R. Pa and James, Ls He 
1932. A Health Aspect of Frozen: Vegetables. Ame Je. 
Pub. Health, 227473-492. (Food tesearsh Division, 
Bureeu of Che iistry and Soils,- U. Se Depee of Agri=- 
culture, hashineveni. Ds ree 


This work is a “study of. . tinned and années packed. frozen’ ‘peas 
which were inoculated with Clostridium ‘botulinum... ‘spores - 
prior to pecking. _ Results which seen pertinant ‘to ‘this rem: 


view follow: (A). "Examination of 24 tin containers of ee 


inoculated peas, most. of which were held for 3 days after: 
Seaeering, whened: 2 to. be toxic. : ‘Bight others yielded 
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botulinus cultures, 2 of which were obtained from sanples 
examined immediately after being defposted. (B) Examin- 
ation of 24 tin containers of peas lightly inoculated, 

most of which were held for 3 days after defrosting, re- 
vealed 4 to be toxic. (&) Of 24 tin containers which had 
received a heavy inoculation, most of which were held for 

3 days after defrosting, 8 were toxic. (D) Of 16 card- 
board containers which had received no inoculation end most 
of which had been held for 3 days after defrosting, 2 were 
toxic, and 3 others yielded botulinus cultures. (.) Of 16 
cardboard containers which had received a slight inoculation 
and most of which were held for 3 days after defrosting, 

2 vere toxic. (F) Of 16 cardboard containers which had 
received a heevy inoculation and most of which were held 
for 3 days after defrosting, 5 were toxic. (G) No toxin 
developed in peas which wes examined inimediately efter 
defrosting, and none developed in those defrosted and held 
for 3 deys in the icebox. (H) The contents of all the 
containers which sowed toxin had been stored at room 
temperature and were bsdly spoiled when exemined. 


Straka, R. P. and James, IL. He 
1933. Frozen Vegetables. Am- Jd» Pub. “eelth, 235; 
700-703. (Food esearch Division, Bureau of Chemistry 
and Soils, Ue S. Dept. of Agriculture, | eshington, D.C.). 


This paper prosents a study of Clostridium bolulinun toxin 
production in inoculated hend shelled peas which hac been 
frozen in 16 ounce commercial glass jars. bxperimeniation 
revealed that toxin was obtained only in the defrosted © 
samoles of peas that were held at room tempereture. All 
samples containing toxin were definitely spoiled. No toxin 
was discovered in containers defrosted and examined immediate- 


ly or in containers defrosted and held in an ordinary icebox. 


Jemes, Lawrence H. 
1933. wuffects of Freezing on The Spores and Toxins of 
Clostridium botulinum. Je of Inf. Dis., 52:236-241. 
(Food Research Division, Bureau of Chemistry end Soils, 
U. S. vept. of Agriculture, "ashington, D.C. ).0 


As spores of microorganisms ere less affected by freezing 

than are vegetative cells, it is important to consider the 
possibility of development of botulinus toxin in improper- 

ly handled cefrosted frozen pack fruits and vegetables. 

This paper »resents experimental data on the effects of 
freezing, and thewing on the spores and toxin of Clostridium 
botulinum, tyne 2 first in Sorenson's buffer solution @H 6.9) , 
and second in pea juice (pH%l). The susnensions were frozen 
by pecking in solid carbon dioxide and then grown in beef~ 
heart meat tubes overlain with autoclaved | pctrolatum for 
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for not less than 21 days. Tubes with ras production and 
digestion of meat were retested and toxin was de.«: strated 
byiinocculation of guinea pigs. The results indicated 

that fow if any spores of Clostridium botulinum (as en- 
counterod in soil or fegatables) are killed by quick or 

slow freezing. In another portion of the experiment sores 
of Clostridium botulinum, type B were suspended in pea 

juice and were frozen by means of solid cerbon dioxide and 
defrosted repeatedly. The results indicate that freezing 
and thawing will break up clumps of becterial snores and 
will result in slight destructive activity on the spores; 
however, in the presence of millions of spores, the small 
reduction noted is comparatively unimportant. In a third 
portion of the experiment, supernatant liquor of a centri- 
fuged toxic broth culture was frozen both in solid carbon 
dioxide and in a refrigereted room. fter the fourth freez- 
ing there was evidence of but slight reduction in the amount 
of toxin present. Inaa fourth portion of the experiment, 
botulinus toxin frozen and defrosted. fifteen times was 
found not reduced in strength. 


Straka, Re P. and James, Le He 
1935. Further Studies on Frozen Vegetables. J. Bact. 
29:313-322. (Food Research Division, Bureau of Chem- 
istry and Soils, U. S. Dept. of Agriculture, Washington 
a Be 


This research was’ underteken to study the possibility of 
toxin production in frozen peas when defrosted and held for 
a shorter period than 33 days at room tempereture, end when 
held for al longer period at icebox temperature. { total off 
198 samples of frozen peas in various types of containers 
were examined. The results of the experiment are as follows: 
(1) Of 83 uninoculated controls (33 defrosted and held at 
80°F for 2 days, 20 defrosted and held at 60°F for 3 days, 
end 30 defrosted and held at 50°F for 7 days), only 1 gave 
positive evidence of a week toxin. (2) Of 15 containers 
receiving a dilute inoculum (defrosted and held at 80°F 

for 2 days), none gave evidence of toxin. (3) Of 100 con- 
teiners receiving a concentrated inoculum (30 defrosted and 
held at 80°F for 2 days, 15 defrosted end held at 60°F for 

3 days, 30 defrosted and held at 50°F for 7 days, and 19 
defrosted and held at 42°F for 7 days), nine gave definite 
evidence of toxin (6 had been held at 80°F and 3.had been 
held at 50°F.). 


The authors conclude; "When peas preserved by freezing are 
properly handled there is no danger of botulism. They should 
not be held at room temperature after defrosting, and left- 
over portions should be well refrigerated and thoroughly 
cooked before consumption.". 


ey 
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41. prescott, S.C. and Tenner, F. W. 
1938+ <iicrobiology in Rdation te Food Preservation. 
Food ‘esearch, 3:189-197. (Dept. of Reacteriology, 
University of Illinois, Urbana.). 


This is an interesting review type paper based upon the 
literature end the extensive experience of the authors in 
this field of endeavor. The effects of freezing on patho- 
genic bacteria with special emphasis on the effect of 
freezing on bacteria in foods is discussed. 
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DIVISION VI. 
h. 
NICROBIOLOGY OF FROZEN FOODS; 


Prescott,.S. Ce and Bates, P. K. 
1931. The keduction of the !iumber of Organisms in 
Water as a Result of Freezing in Domestic Refrigersators. 
Je Becte, 21:26. (Jiass. Institute of Technology, Boston). 


411 observations indicate freezing reduces the nunber of 
organisms in water. Very small numbers of organisms persist 
for some days, but there is no anpreciable increase in 
organisms over periods up to eleven days. 


rrescott, S. Ce, Bates, -. Ke, and l!eedle, He Ce 
1931. The Offect of Discontinuous ’efrigeration on 
Reeteria in Foocse Je Bacte, 21:25826, (Ilassachusetts 
Institute of Technolory and Becteriology Nepertment, 
Frigidaire Corp.)e 


Foods which are refrigerated discontinuously show increases 
in bacteriel srowth; this ancrecse is especially repid at 
higher temperetures. <poilace of foods tekes place much more 
quickly in discontinuously refrigereted foods, and especially 
when the storage dishes are covered. Occasionelly growth ine 
creased rapidly even at the lower temperatures for those 
foods discontinuously refrigerated, 


Prescott, Ss C. and Bates, P. Ke 
1931. On the “elation of lefrigeration Tenneratures to 
the Rate of Growth of Certain Specific Type s of Bacteria 
Causing Food Spoilase. J. Bact., 21:25. (iiassachusetts 
Institute of Technology and Bacteriology Veot., Frigi- 
daire Corpe). 


It vias found that the different organisms of the same general 
class frequently have a highly specific ection in reletion to 
temperature, and also that at Tower temperatur:s, the relative 
rates of growth in pure culture are pronortional to the temp. 
erature increments only for brief periods if at all. -erhaps 
the most importent finding is thet certain tvpes of snoilage 
organisms edapt themselves to temperatures assumed to be ine 
hibitive to d ecomposition processes. 


Castell, Ce. He, and w@Dermott, L. A. 
1942. iiultiplication of Bacteria in ater end its 
significance in Food Spoilage. Food lesearche, 7% 
244-253. (Dent. of Bacteriology, Onterio Agricultural 
Collere, Guelph, Cenada.). 


"The following svecies showed active multiplication in the 
water, reaching counts of over 500,000 rer milliliter: 


Pseudomonas ‘fluorescens, »seudomonss aeruginosa, ¢seudomonas 
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fragi, Aerobacter aerorenes, Serratia marcescens, end 
Achromobacter lipolyticum. .Pseudomones ~utrefaciens 


gave veriable results, showing in one instance counts of 
from 200 to 73,000 per milliliter after 160 hours, but it 
apnarently grew better in water when accompanied by certain 
other orgenisns." 


"Escherichia coli, Proteus wigeris, | | chad (noah viscosus, 
Ster hylococcus aureus, Stavhylococcus citreus, Sercina lutea, 


Micrococcus conglomeratus, Beeillus subtilis, Recillus 


mycoides, mycoides, pacillus greveonenss Bacillus penis, and Peoillus 


C] Phcapusae Wek youd > 
mesenteric¢us showed no Significant increrses over a »veriod 


of 20 dayse™ 4 


* 


Gorseéline, He be 
1946. “Hie robiologic Examinetion of Foods; Tentative 
llethods for “‘icrobiological “xamination of Frozen Foods. . 
xeport of the Committee on Standard iiethods for the 
‘ilerobiological Examination of Foods. Am. J. Pub. 
Health 363332+335. 


This is an espetially pertinant paper with regard to becter- 
iological methods oni should be referred to by any worker 
approaching this field. ‘Some of the broader aspects of the 
paper may be summarized as follows: (1) In testin~ frozen 
vegetables for microbiological content, consideration must 
be given to the fact that freezing storage at tenperntures 
of aporoximately «10°F (-23°C) brings about a reduction in 
viable microorganisms. This may amount to roughly 50%: in 

6 months or 75% in 1 year. Thus, while a high becterial 
plate count on frozen vegetables may be taken as proof of 
poor sanitary history, a low or moderate count does not by 
itself prove the opposite. (2) For frozen frvits and 
vegetables, use a mechanical blender in sampling. Tr mtone 
glucose extract ager has been proved superior to Nutrient 
agar or Glucose agar for fruits and vageteablesse (3) An 
approved method for selection, trensportation, storage, pre- 
paration, and bacteriologic testing of sample frozen fruits 
and vegetables is given. 


Berry, J» As 
1933. Lactobacilli in Frozen Pack Peas, ‘cience, 77: 
350-351. (U. S. Bureau of Plant Industry, Seattle, 
Washington. }. 


Microbiological analyses of frozen pack peas held in stor- 

age from 2 to 26 months show that lactic acid bacteria will 
tolerate cold storage temnerstures» The peas were prepared 
and stored in a variety of ways; however, the storage temp- 

pe dagher be in most cases was 15°F, elthough some packs were heldd4é 
at 65°F. 
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Some 40 samples were studied for snoilage alone. These were 
held at ordinary room temperature for from 2 to 7 days, at 
the end of which time they were analyzed. ‘iithout exception 
the peas apneared bleached and »resented a sour odor. The 
clouded lmuors geve positive ferric chloride tests for lactis 
acid. The pH velues ranged between 4.2 and 4.6- RBacterio- 
logicel analysis yielded Aerobecter serogenes (colon type) 
andlactobacilli. «study of 15 cultures of the lactobacilli 
isolated placed the majority with the Lactobacillus cucumeris 
type. Inoculation of pure cultures of these Lactobacilli 
into sterile vees yielded products entirely similer to the 
original frozen pack pease 


Organisms of this type are widely distributed and occur 
commonly on vegetables, and their presence on shelled peas 
is to be exnected. Since they sre not soore formers, it is 
noteworthy that they withstend a temperature of 15°F for 
over 2 yearse 


Rerry, ds A. 
1933. The Nestruction and Survival of ‘icroorgenisms 
in Frozen Pack Foodse Je. Bact., 26:459+470- (Frozen 
pack Leboratories, U. S. Bureau of Plant Industry, 
Seattle, ' ashingtone)e 


The experimental work presented in this paper is concerned 
withtthe fate of microorganisms in berries and vegetables 
held under different conditions of oxygen environment and 
low temperature storage, for neriods varying from 14 weeks 
to 2 years. The study temperatures were ©20°C, -10°, 
-7°C, -4°C and -29C. The berries were packed in sucrose 
solution; the vegetables in sodium chloride solution. 


(1) Data presented shows a decreese of approximately 40% 
of microorganisms on blackberries stored in airtight and 
non-airtight containers for 13 months at ~20°C; of 99% 

at -10°C, and in airtight conteiners only, of over 99% at 
-2°. (2) Vith Strewberries the recorded decrease is 60% 
in both airtight and non-airtight containers stored for 4 
months at -20°C, of 89% at -10°C and -7°C, and in airtight 
containers only of 94% at -4°C. (3) “fith raspberries the 
recorded decreese is 61% when stored at -20°C for 14 weeks, 
of 95 to 97% when stored at -10°C (4) No significant micro- 
biological difference have been noted between seeled con- 
tainers and pa tly vacuumized containers stored at the same 
temperature « 


Me100 #41 


2 65 ” Continued. 


8. 


Ge 


Death rates in various artificial media at freezing temp- 
eretures indicate that they are not comparable to those 
when the medium is fresh fruite. 

Growth of Cledosporium sp. at -2°C end of Oidium so. and 
Torule spe at -4 on smell fruit in noneairtight containers 
hes been recorded. 


Evidence is presented that Lactoba illi and to a lesser 
extent “colon” orgenisns persist in peas for at leest 2 
years et -10°C. acteria, presumebly of the Pseudomones 
genus, will increase in peas stored at -49. "Colon" organ- 
isms will persist in string beans and spinech at -10°C for 
at least 19 months and 10 months respectively. 


The euthor compares Saccharomyces snes in e sunercooled state 
end in a frozen state (both at -20°C) and shows the destructive 
effect of ice formation on the test organism. 


Berry, Je Ae 
1954. Growth of Yeest Below Zero. Science, 80:341. 
(Frozen Peck Leboretories, U. &. Dept. of Arrie lture, 
Seettle, ‘eshington.). 


Though the growth of « "false" yeast (es Torula) below 0°C 
has been recorded, rrowth of « "true" yeast hes not. This 
worker reports the growth of a true yeast at -2.2°C in fresh 
cider. This yeast wes not a psychrophile es it frovs best 
at 21°C. Beer wort, pH 408, wes used as the culture and 


isolation medium. 


Shreder, Je He end Johnson, Ae Ho 


1934. Freezing Orenge Juice. Industrial and iLngineering 
Chemistry, 26:869-874. (National Dairy Products Corp} 
oration, Ine., Baltimore, HMaryland.). 


"That the danger of spreading disesse through orange juice 

is negligible, is generally known, but it was considered de= 
sirable to study the vitelity and grorth of Escherichia coli 
in orange juice because this organism was the best index 
organism whose reaction would be a devendeble guide as to. 
whet pethogenic becteria would do. Cultures of Lactobacillus 
ecidonhilus and a member of the Bacillus subtilis group were 
also included. These three organisms were uneble to multiply 
in orenge juice at any temperature; the deeth rate of the 
three orgenisms was most rapid at 37°C, was slower at 25°C 
and was still slower at #l2°C. It was concluded that organe 
isms of the coli tyne wokld feil to survive longer than 

2 weeks in frozen orange juice but thet svores would probebly 
remain for a lon” time in frozen orange juicee Although 
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certein strains of yeasts will grow slowly at O°F, ex- 
perience in the commercial pack showed that, when frozen 

juice was stored et ebout S°F the yeast, in general, died offf 
to the extent thet at the end of about 6 months the counts 
dropped from several thousand down to several hundred. 

Total mixed becterie counts on stendard media likewise 
decreesed on 6 month storege at 5°F." 


Smart, He. Fa 
°1935. Growth and survival of jiicroorgenisms at Sub- 
freezing Temperetures. Science, 82:525. (Bureau of 
Plant Industy, U.S. Dept. of Agriculture.). 


"In July, 1933, during a routine exeminetion of frozen 
strawberries, raspberries, end cherries packed in Oregon in 
June, 1930, it was noted that while the number of viable 
microorganisms to be found in the fruit, after 3 years 
storage et 15°F, was so small as to be practically negligible, | 
there were an unusually lerge nunber of interesting svecies. 
to be seen on the nlates. These organisms, renresenting 
meny species of bacteris, yessts, and molds, were studied 
in vure culture and later identified as closely as possible. 
with known species.” Some 26 spesies were transferred to 
freshly prepared beef infusion agar, pH7.0, slants and 
stored at 16°F for 1 year. fight snécies were able to- 
produce growth at this temperature, 13 species, while show- 
ing no signs of growth, did produce abundant gro t> when 
removed to room temperature for 24 hours. Only & species 
failed to survive the 1 year storage period on the artificial 
medium. The author concludes that many species of micro- 
organisms have remarkable faculties for survival as well as 
for adapting themselves to changes in environment and that 
this factor must. be taken as a warning against cereless 
methods in the prenvaration of frozen foodse 


Lochhead, Ae Ge and Jones, Ae He 
1938. Types of Becteria Surviving in Frozen-?rask 
Vegetcbles. Food "esearch, 3:299-306. (Division of 
Bacteriology, Dominion Ixperimental Ferns, Ottawa, 
Canada.)-. 


After extensive studies on fresh and frozen pack asnaragus, . 
spinach, peas, beans, and corn, the authors conclude: 

"In confirnation of previous studies, micrococei end species 
of Flevobacterium were found to be relatively more resistant 
to freezing than other types of bacteria encountered in 
Frozen vegetables. Ilicrococei in peartiovler comprised a 
much larger percentage of the organisms in the frozen 
products as compared with the freshly packed products." 
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There was not definite evidence that snore-ferming rods 
were proportionately more numerous in frozen than in 
freshly packed vegetables. 


The findings direct attention to the possible immortance of 
the l‘icrococcus group of organisms in relation to the proper 
handling of frozen vegetables. 


12- Smart, He Fe. 
1939. Further Studies on the Behavior of | icroorgan- 
isms in Fro,en Cultivated Blueberries. Food esearch, 
43287-292. (Food ‘esearch Division, Rureeu of Chemistry 
and Soils, U. Se Dent. of Agrisilture, Yashington, D. Ce). 


The author summarizes this work as follows; “It has been 
shown that a high microbial content of frozen blueberries 
may be an indication of inefficient metho’s of washing the 
rew fruite Freezing end storage of blueberries for 9 months 
at OOF resulted in a reduction of the microbial content 
amounting to 59.7 %, while storage et 20°F for the same 
period of time resvlted in 99.9 % reduction. Ouel ity was 
preserved in blueberries when they were frozen and stored at 
20°F for this »-riod of time. Holdin» blueberries, immersed 
in syrup for 24 hours at 45°F before freezing them resulted 
in a high microbiel content as compared with those nlaced 
in freezing storage as soon as they were packed." 


13. Smert, H. F. 
1939. Hicrobiological Studies on Commercial Sacks of 
Frozen Fruits and Vegetables. Food Research, 4:293-298,' 
(Food Research Division, Bureau of Chenistry and Soils, 
U. S. Dent. of Agriculture, Viashington, D. Ce). 


Comparison of the microbial content of commercielly frozen 
fruits end vegetables over a period of yeers indicates that 
extremely high counts in the products were less common in 
the 1935 packs then in previous years. The organisms most 
frequently isolated from these commercially pecked frozen 
foods were the common soil types, which have been considered 
without health significence but which will cause snoilage 

of the foocs if they are not used >oromptly after defrosting. 
Defrosted, commercially nxcked vegetebles were found to snoil 
much faster than simil:rly treated fruits when both were 
held at 30°C for 24 hours. 


lMicroorgenisms which the author has repeatedly isolated 
from commercislly frozen fruits and vegetebl-s are as 
follows; (1) Fruits - ~ Achromobacter dutyri, Bacillus 
mycoides, Bacillus aterrimus, Pseudomonas synovanee, 
‘pirillum volutens, Seccharoyces unisporus, Saccharomyces 
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and Rhizopus spe (2) Vegetables - - Achromobacter 
Pellucidun, Bacillus mycoides, Flavobacterium aureseens, 
Lactobacillus sp-, Pseudomonas fluorescens, Sarcina spe, 
arcina subflava, Torula sp+, Dematium spe, Penicillium 
Spe, and Rhizopus sp. E . 


Pennington, M. Ee 
1908. Bacterial Growth and Chemical Changes in Milk 
Held at Low Temperatures. J. Biol. Cheme, 42353-393 
(U. S. Dept. of Abriculture, Bureau of Chemistry.). 


Bacteria in milk increase in numbers when the temperature is 
maintained at or a little below 0°C. This temperature is 
below that ordinarily assigned as the lower limit of 
bacterial multiplication. 


The author stored milk (of variable cleanliness) at temp- 
eratures of 29 to 31°F and at 32°F for periods renging from 
a few days up to almost 2 years. Bacterial growth at the 
end of a week (even in the cleanest mit ~ - 300 organisms 
per ml.) was pronounced. There was a steady increase in 
bacterial numbers for 5 or 6 weeks, and at their maximum 
they numbered hundreds of millions per ml. Continued ex- 
posure to temperatures of 29 to 31°F causes the formation 
of small ice cryst:1s which gradually increase until the 
milk is filled with them; however, the milk does not 
freeze solidly. In spite of the fact that the milk was a 
semi-solid mass of ice crystals, the enormous ii....9se in 
bacteria took place. It was not until the bacterial content 
began to fall and the organisms of putrefaction were at 
work that the use of the milk for household purposes would, 
to the ordinary observer, beceme contraindicated. 


In summary the author concludes that in general for ap- 
proximately 6 to 8 days, bacteria in milk are quiescent if 
storage is proper (0°C); however even under storage at this 
temperature after this time there is a steady increase until 
very great numbers of bacteria are present. 


Ravenel, M. P., Hastings, E. Ge, and Hammar, B. W. 
1910. The Bacterial Flora of Milk Held at Low Temp- 
eratures. J. Infect. Dis., 7:38-46 (Bacteriological 
Laboratories of the University of Wisconsin.). 


Experimental data shows that milks held at -9°C show no in- 
crease in bacteria developing on agar and gelatin; however, 
there was a clumping of casein and fat, an increase in the 
amount of soluble nitrogen and a decrease in the acidity. 

In milks held at 0°C there was a marked increase in the bact- 
erial content resulting in en increase in acidity, an increase 
in the percentage of soluble nitrogen so that it eventually 
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16. 


17. 


amounted to over 70% of the total nitrogen, and a decrease 
in the total nitrogen content probably due to a liberation 
of free nitrogen. 


The author reviews the earlier literature with regard to 
bacterial population in stored milk and discusses some of 
the needs and problems of storage of such products. 


Mott, F. Es and Mozer, H.» 
1942. Deterioration of Milk by Bacterial Growth 
Under Refrigeration at 40°F. New England J. of 
Med. 227:174, 


Grade A and Grade B pasteurized milk helf for 72 hours at 

40°F had such bacterial growth that their sale would vialate 
the Massachusetts law. Certified “asteurized milk, even 

after 96 hours at 40°F, conformed to bacteriological standards. 


Hartsell, S. E. 
1944. Studies on the Bacteriology of Stored, Dried 
Egg Powder. Food Research, 9:505-511. (Dept. of 
Biology, Purdue University, West Lafayette, Indiana.). 


The date indicates that as the storage temperature of spray- 
dried whole-egg powder is increased, the total bacterial 
count is decreased with time. Yeast-water (one part) 
added to the glucose-tryptone agar (nine parts) as re- 
commended in Standard Methods for the Exemination of Dairy 
Products, is a desirable medium for determing the total 
bacterial counts of stored, spray-dried, whole egg powder. 
The bacteria found most frequently in stored egg powder 
belong to the genus bacillus; their presence, however, 
may not be detected unless suitable plating media are 
employed. Data indicates that an incubation temperature 
of 32°C gives higher total counts and more successful 
isolations than at 37°C. Comnression of spray-dried, 
whole-egg powder may reduce the totel bacterial count 
slightly, but has no noticeable influence on the genera 
surviving in the stored samples. Storage in tin cans, 
greaseproof cartons, or greaseproof cartons plus carbon 
liners did not influence the bacterial flora of the stored 
semples. 


The author cites evidence from his oxperience and from 


the literature on methods to be used to establish a sat- 
isfactory product. 
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Kiser, J. Se and Beckwith, T, D. 
1942. Effect of Fast-Freezing Upon Bacterial Flora 
ef Mackerel. Food Research., 7:255-259. (Biological 
Research Institute, San Diego, and the University of 
California, Los Angeles, California.). 


Freezing and storage at -28°C for 10 days sharply reduces 
the bacterial flora of the musole and intestinal contents 

of the maekerel. Freezing and storage for 48 hours at 
—ae°C. produced a greater decrease in numbers in suspensions 
of bacteria isolated from mackerel than did similar freez- 
ing and storage at -~20°C. Freezing and storage at -20°C. 
resulted in an approximate 100 % decrease in suspensions of 
Achromobacter sp. used; however, Micrococci withstood the 
low temperature much better. 


Kiser, Je Se and Beckwith, T. De 
1944, Bacterial Flora of Mackerel (Effect of Fast 
Freezing). Food Research, 9:260-256. (Bio.ogical 
Research Institute, San Diego, and The Dept. of 
Bacteriology, University of California, Los Angeles, 
California.). 


In this paper the authors point out that although numerous 
investigations of the flora of fish from marine waters have 
keen previously made, this study will be important to the 
frozen food industry jesnecially on the industry of the 
West Coast.). 


Qaulitative studies of 34 mackerel were undertaken. Heart, 
liver, back muscles, and the contents of the stomach and 
intestine were studied. Members of the following groups 

were the preponderant organisms: Micrococcus, Achromobacter, 
Pseudomonas, Flavobacterium, Sarcina, Kurthia, Lactobacillus, 
and Streptococcus. One strain of bscherichia was encountered. 


Quantitative studies of the back muscles showed fewer than 

1000 per gram in most instances, but the intestinal micro- 

organic content was occasionally of the order of 107 per 

gram e 

Miser, J. Se 
1944. Effects of Temperatures Approximating ©°C 
Upon Growth and Biochemical Activities of Bacteria 
Isolated Fron “ackerel. Food Research, 9:257-267. 
(.Biological Research Institute, San Diego, and The 
Dept. of Becteriology, University of California, Los 
Angeles, Colifornia.). 


Organisms isolated from the mackerel were well adapted to 
growth at low temperatures. Highty percent of the cultures 
produced macroscopic growth in 6 days at 06°C. At low 
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temperatures the physiological activities were not always 
eharecteristic of those at temperatures more nearly optimal.. 
Growth curves, minimum generation times and temperature 
coefficiants are presented for an Achromobacter sp. 


An important feature of this paper is the evidence present- 
ed to demonstrate the marked adaptability of these species.. 


21. Bisset, Ke Ae. 
1946. The Effect of Temperature on Non-Specific In- 
fections of Fish. J. Path. Bact., Lond., 58:251-258.. 
(Bacteriology Dept., University of Edinburgh.). 


This is an interesting paper which indicates that fresh 
water fish may become parasitized by what are ordinarily 
saprophytic water bacteria... A rise in temperature of the 
water from 10 to 23°C in the case of goldfish will upset 
the balance between the host and these ordinsrilv harmless 
bacteria. When this upset occurs there is at first an 
increase in the number of bacteria in the tissues of the 
fish (which may result in death); howevef, if the fish 
survives the number declines and the tissues become clear- 
ed of infection. Because of this increased antibacterial 
defense at higher. temperatures, the fish are cable to with- 
stand an initial infection more successfully; on the other 
hand, at low temperatures the efficiency of these defenses 
is so low that even organisms which appear devoid of 
pathogenicity towards fish may be harbored over a period 
of some weekse 


22. Aschehoug, V. and Vesterhus, Re 
1947. Bacteriological Investigation on Spoilage of 


Winter Herring During Storage. Food Research, 12: 
55-76. 


This paper is an important one from the standpoint of the 
frozen fish industry. The normal bacterieal flora of the 

fish is discussed along with the effect of storage on the 
spoilege of the fish. 


23. Weinzirl, J. and Newton, E. B. 
1915. The Fate of Bacteria in Frozen Meats Held in 
Cold Storage and Its Bearing on a Bacteriological 
Standard of Condemnation. Am. J. Pub. Health 53 
833-835 (University of Washington, Seattle.). 


In This research the authors held 10 samples cf hemburger 
steek until all of them showed a positive organoleptic 
test and also ammonia by Eber's test. <A bacteriological 
analysis was then done following which the samples were 
frozen and stored at -10°C. The following data shows the 
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the remarkable decrease in organisms after freezing and 
storages (Average counts from the 10 samples are presented). 


July 16, 1913 + - - = 192,000,000 
: July 26, 1918 « = « 4 $7,000;000 
Nor. 99, 1913 =~ «4 23,600,000 
Apr. 111, 1914 - = - = 13,000,000 
July 29, 1914 ~+=+£ 8,000;000 


The authors conclude that a bacterial standard Jone cane 
not be opplied to frozen meats for all of the sauples 
studied showed advanced putrefaction before they were 
placed in the refrigerator. 


24. Hoffstadt, Re Ee 
1924. Bacteriological Examination of Ground Beef 
with Reference to Standard Analysise 1. Relation 
of Bactericl Count and. Acrobic Species ‘resent to 
Gfpoilagee Amer. Je Hyg., 4233-42. (Becteriological 
Laboretory, School of Hygiene and Public Health, 
Johns Hopkins University.). 


The author believes that the possibility of using aerobic 
bacterial counts and aerobic bacteria as a standard of 
ment analysis can be eliminated. Jn his studies, the 
bacterial count of all samples shows much variation in 
relation to sanitary environment and the orgenoleptic 
test. No relation between the initial bacterial count 

and that of eging meat was noticed. Of 645 aerobic organ- 
isms isolated, 328 were of environmental origin, 317 of 
fecal or doubtful origin. 


25. Hoffstadt, R. E. 
1924. Bacteriological Examination of Ground Beef 
with Reference to Standard Analysis. Ii. Anaerobic 
Species Present in Ground Beef and Their Relation to 
Spoilage. Amcor. J. Hyg., 4:43-51. (Bacteriological 
Laboratory, School of Hygiene and Public Health, 
Johns Hopkins University.). 


In this study some 347 anaerobes were isolated and identified. 
The conslusion drawn is thet the presence of proteolytic 
anaerobes indicates a definite way by which the keeping 
qualities of meat can be predicted. <A technique for such 
determinations is suggested. 
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26.6 Prescott, S. Cas Hale, F. Jey and White, G. Ee 

1931. Observations on Bao teriology of Slimy Beef. 

Je Bacte, 21:26. M; 
The authors desoribe a rapid’ superficial development of 
microorganisms on beef which gives rise to disagreeable 
odors and a slimy coat. The importent factors in pro- 
duction of slimy beef are (1) a temperature just above 
freezing, (2) a high humidity, end (3) an insufficient 
air exchangee 


27. Noble, and Hardy, F.. 
1945. Effect of Storage Temperature and Tig Upon 
the Quality of Pork Preserved by Freezing. Food Re-~ 
search, 10:165-175. 


"Frozen pork loin roats, even obtained from high grade 
animals and carefully handled, cannot be stored at ~18 

te ~9°C for longer than 16 to 22 weeks without danger of 
having the flavor of the fat and the aroma decrease to a 
point commonly described as slightly desirable." 


28. Gross, C. Ee, Vinton, C., and Martin, S. Jr. 
1946. Bacteriological Studies Relating to Thermal 
Processing of Cenned Meats; Viability of Spores of 
a Putrefactive Anacrobis Bacterium in Canned Meat 
after Prolonged tncubation. Food Research, 11:399-404. 
(Research Laboratories, John Morrell and Company, 
Ottumwa, lIowa.). 


The authors demonstrated viable spores in cultures of 
tubes showing no visable spoilage after incubation for 
one year et 28°. 


29. Gross, C. E., Vinton, C., and Stumbo, C. R. 
1946. Bacteriological Studies Relating to Thermal 
Processing of Canned “eats; Characteristios of a 
Putrefactive Aneerobe Used in Thermal Resistance 
Studies. Food Research, 11:405-410. (Research 
Laboratorics, John Morrell and Compeny, Ottumwa, 
Iowa. 


Putrefactive anaerobes Sg and 9, isolated as the causative 
agents of spoilnge in canned meats are culturally and 
serologically identified with P. A. 3679 (a test organism 
frequently used by the NCA leboretories for inoculsted 
pack studies. 
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30. Vinton, C., Martin, S. dag ‘and Gross; C. BE. ee 
1947. Bacteriological ‘Studies Relating to Termal 
Processing of Canned Moots; Effect of Substrate 
Upon Thermel Resistance of Spores. Food Research, 
12:173-183. (Rescarch Laboratories, John Morrell 
end Company, Ottumwa, Town.) . 


It has — demonstrated for P. Ae 3679 in meat; orgoens, 
mixtures of meats, and for mixtures of meats and organs 
that the thermal resistance of spores is less when grown _ 
in raw. meet or organs than when grown in either pasteuriz~ 
ed or sterilized meats and organs. The effect is shown 

to be related to the substrate itself through repeated 
reising end’ lowering of resistance by.transfer from media 
to median. (Notes it would be interesting and of value 

to know whether or not there is a similar effect when 

cold is considercd.). 
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